Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Acetyl fentanyl, Primary Measurement Standard

N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-acetamide I1SO 17034

Product No.: A-109-1ML ISO/IEC 17025
Lot No.: FC12271801 1SO 13485
Description of CRM: Acetyl fentanyl in Methanol (Solution) i
Expiration Date: January 2023 See Section "Stability Assessment".
Storage: Store unopened in freezer (-10 °C to -25 °C). RO 7001
Shipping: Ambient. See Section "Stability Assessment". o N
Chemical formula: C21H26N20 H.C N/Q
CAS No.: 3258-84-2 °
Regulatory: USDEA schedule 1/9821 | Canadian TK # 61-1018 @

Analvte Certified Concentration + associated uncertainty U,

y u=k*u (k=2)
Acetyl fentanyl 1.000 + 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability™ on page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual solvents and
residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used

in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

Meat Material Solutton Standard
Purity Factor Stability
Uy = 0.203% Ugpgs = L0006
\ Chromatographic purity
Sohvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 ;,rm.'_ \\ Resdual solvent analysis

Inorganic content analysis
"\ Mass measurement \ 2 ¥
\ Temperature

Instrument tolarances

T
A_:lghlng technigques
/é:'llance sensitvity & linaarity

Balance selection,
quahfication, & manemum weights

Between Bottle
Homoganaity
Ugp = 0.07%

Primary Standard
Mominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurement
Uy = 0.035%
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Details on metrological traceability:

¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.

¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution and to the prior lot.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express Phenyl-Hexyl, 2.7 pm, Number of Points: 4
3.0 x 100 mm
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC12271801 1.002 0.9
Previous Lot FC08011601 1.018 0.3

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above for
the New Lot demonstrate ampoule-to-ampoule homogeneity.
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized to
calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: Acetyl fentanyl Chemical Formula: C,1H26N,0
Material Lot: FC10011801 CAS Number: 3258-84-2
Molecular Weight: 322.44
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by GC/FID Analysis SP10-0101 99.4% !
Second_ary Chromatographic Purity by HPLC/UV SP10-0102 99.69% 2
Analysis
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 3 0.27%
Residual Water Analysis by Karl Fischer Coulometry AM1346 3 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.09%

1.0.02% 4-ANPP detected by GC/FID analysis.
2 No 4-ANPP detected by HPLC/UV analysis.
3 validated analytical method
¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢+ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.
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Spectral and Physical Data

GC/FID
FD1A FAEPGOA TG B TR D Column: DB-5ms, 30 m x 0.53 mm 1D,
. 1.5 pum film thickness
W] : Temp Program:  40°C to 200°C at 40°C/min
] K 200°C to 300°C at 5°C/min
250:"- hold 16 min
] Injector Temp: Cool-on-Column
ZUE'"'E Detector Temp:  325°C
] Sample Name: FC10011801
Al Acquired: November 30, 2018
il Peak # Ret Time Area %
] o o o0 1 6.47 0.00
i N HERHES 2 7.67 0.07
1 ve gk a o 3 15.32 0.02
1 rTTT | @\rr\ T ‘ T T |rr| “I- 1 T i\\(\\l T ‘ L | LI ‘ I 4 15.95 0.00
T S T N B N B > 17.06 0.38
6 18.32 99.36
7 18.98 0.00
8 20.95 0.00
9 22.00 0.16
Peak #3 has been identified as 4-ANPP
HPLC/UV
DAD & Sq=2104 Ref=of (003 1-B2-RWA- B FC00TB01)] Column: Ascentis Express Phenyl-Hexyl,
Al § s 2.7 ym, 3.0 x 100 mm
o I Mobile Phase: A: Acetonitrile
o] B: 0.1% Phosphoric acid in Water
] Gradient: Time (min) % A % B
0] 0.0 10 90
] 8.0 60 40
=0 9.0 60 40
] 9.1 10 90
2 Flow Rate: 0.7 mL/min
] Wavelength: 210 nm
o] Sample Name:  FC10011801
] Acquired: November 29, 2018
0]
] g s §i Peak #  Ret Time Area %
o 5 B 1 3.42 0.07
' ; R S S T 2 4.52 99.57
4 5.53 0.17
5 5.89 0.10
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

F

Norm.
500

D1 A, (F-002-2-RMA-126 FC10011801 11.01mg.D)

Column:

Temp Program:

DB-ALC1 30 m x 0.53 mm,

3 pum film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min

n Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
300 -
Injector: Headspace Sampler
HS Oven Temp: 60°C
- Vial Equilibration: 10 minutes
Sample Name: FC10011801
o] § Acquired: November 29, 2018
o -ﬂ. — R Peak Compound Area Weight %
- i ‘ . ‘ 1 Methanol 34.27 0.27
0 2.5 5 7.5 10 125 15 7.5 20 i
Total 0.27
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
I’:%:ﬁ?:’ﬁ_fg:ﬁ;&;&' printed by utfe Eeritiano
= . \-'“ |‘l. JIML
8.0 7. 6.0 £0 | 4.0
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %B Acquired: November 28, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10

RMA-L26 FCA0LLA0L Aoel| entan Core Volage: 150000

].007 Theoretical [M + H]*: 323.2123
Found [M + H]*+: 323.2112

LY

= -

Wtrrrgrrregrrrr et g

m o N & H» 0 m W W m
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (A-110, Acetyl
fentanyl > Cg) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C ) .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 52 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 17, 2019 [Initial version.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-109-1IML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Acetyl fentanyl-1>Cg, Primary Measurement Standard
N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl] acetamide- B3¢ 6

Product No.:

Lot No.:
Description of CRM:
Retest Date:
Storage:

Shipping:

Chemical formula:
Regulatory:

A-171-1ML

FC01041901 ISO 17034
Acetyl fentanyl-'3Cg in Methanol (Solution) ISO/IEC 17025
October 2021 See Section "Stability Assessment". 1SO 13485
Store unopened in freezer (-10 °C to -25 °C). 1SO 14001
Ambient. See Section "Stability Assessment”. 1SO 9001

Cy5"2CgH26N,0 o N
USDEA Schedule I HSCJENDQED

Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Acetyl fentanyl-13Cg 1.000 + 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual water, residual
solvents and residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

For MS Applications, we advise laboratories not to mix lots during a single
sequence.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-171-1ML
Certficate Page 3 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express C18, 2.7 um, 3.0 x 50 mm [Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(25:75)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC01041901 0.994 0.7

¢ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: Acety! fentanyl-'3Cg Chemical Formula: C153CH26N50
Material Lot: FN07251301 Molecular Weight: 328.41

Material Characterization Summary

Analytical Test Method Results

Primary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%

iigcl);scil:ry Chromatographic Purity by HPLPC/UV SP10-0102 99.53%

Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.00% 3C, vs 3Cq

0.00% 3C, 0.04% °C,

Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% *3C, 3.60% '3Cs
0.00% 3G, 96.36% 3Cq
0.00% °C;

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected

Residual Water Analysis by Karl Fischer Coulometry AM1346 * Below Quantitation Limit

Inorganic Content by Microash Analysis SP10-0135 < 0.2%

Mass Balance Purity Factor 99.68%

! validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

* A secondary chromatographic purity method is utilized as a control.

¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
X Chromatographic Purity/100].

¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-171-1ML
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Spectral and Physical Data

GC/FID

FIA, Ol HTGTEINTERS TOTBLAANK TSN

"

Column:

Sample Name:

Temp Program:

Injector Temp:
Detector Temp:

DB-5ms, 30 m x 0.53 mm ID,
1.5 pum film thickness

40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min
hold 16 min

Cool-on-Column

325°C

FN07251301

Acquired: May 15, 2017
U Peak # Ret Time Area %
. 1 6.90 0.01
bl g @ N 2 8.19 0.11
)] 0 3 8.63 0.02
L | I — 4 16.12 0.09
\\\\\‘\\\\‘\\\\‘\\\\‘\\ \\‘\\\\ 5 19.19 99.75
HPLC/UV
DADT A, Sig=210.4 Ref=cif (004-P2-B -RIA-117 FNOT251301.0) Column: Ascentis EXpreSS C18' 2.7 Mm,
il 3 3.0 x 50 mm
1 Mobile Phase: A: Acetonitrile
0 B: 0.1% Phosphoric acid in Water
Gradient: Time (min) % A % B
w0 0.0 10 90
3.0 50 50
4.0 50 50
] 4.1 10 90
Flow Rate: 1.0 mL/min
0 Wavelength: 210 nm
Sample Name: FN07251301
“ Acquired: May 31, 2017
B R
2 —_— L AR R — Peak # Ret Time Area %
[I!S 1 1‘5 2 25 ; 3!5 4 45 H‘il 1 1'27 0'02
2 1.33 0.08
3 1.96 99.53
4 2.23 0.04
5 2.30 0.03
6 2.34 0.02
7 2.51 0.01
8 2.59 0.23
9 2.63 0.03
10 2.80 0.01
11 2.94 0.01
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

ph

140
120

100

FID1 A, (GCY 08-07-13 GC 9 2013-08-08 08-30-311003F0301.0)

Column:
Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FN07251301

g Acquired: August 08, 2013
s :
A ! | Peak Compound Area Weight %
‘ | ‘ , 1 Methanol 20.73 0.06
2 NMP NA NA
Total 0.06
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
;//III
|
|
=] |
= |
|
‘.-
| "*
= /"J }
- |'/ I
z I
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-171-1ML
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: May 08, 2017
0.0 90 10
0.5 90 10
4.0 10 90
5.8 10 90
6.0 90 10
8.0 90 10

RMA-117 FN07251301 Acetyl fentanyl-13C6 Cone Voltage 15

W05081711 707 (2.561) Cm (701:716) 1: TOF MS ES+
0 3292321 3157

Theoretical [M + H]*: 329.2329
Found [M + H]*: 329.2321

CIE

330.2347

| B 301.2136
(e ———— e

100 200 300 400 500 600 700 80O 900 1000 1100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:

3.0 x 50 mm

Mobile Phase:

B: Acetonitrile

Gradient: Time (min) % A %8B
0.0 90 10
0.5 90 10
4.0 10 90
5.8 10 90
6.0 90 10
8.0 90 10

Ascentis Express C18, 2.7 um,

A: 0.1% Formic acid in Water

Flow Rate:
Scan Range:
Ionization:
Instrument:
Acquired:

0.4 mL/min

323-329 amu
Electrospray, Positive Ion
Waters XEVO G2 QTOF
May 08, 2017

RMA-117 FN07251301
W05081711 Sm (Mn, 2x4)

Acetyl fentanyl-13C6

Cone Voltage 15
1: TOF MS ES+

Certficate Page 9 of 10
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established for this product through real-time
stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 24, 2019 |[Initial version.
01 January 24, 2020 [Revised Retest Date from March 2020 to January 2021.
02 December 01, 2020 [Revised Retest Date from January 2021 to October 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-171-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Acryl fentanyl, Primary Measurement Standard

N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-2-propenamide HCI; ISO 17034
Acryloyl fentanyl ISO/IEC 17025
Product No.: A-172-1ML
Lot No.: FC01071901 Lol
Description of CRM: Acryl fentanyl HCI in Methanol (Solution) S ey
Nominal concentration is adjusted for HCI content. By
Retest Date: September 2021 See Section "Stability Assessment”.
Storage: Store unopened in freezer (-10 °C to -25 °C). ﬁ
Shipping: Ambient. See Section "Stability Assessment”. o N
Chemical formula: Cy,H56N,OeHCI HZCQLNQ -
CAS No.: 79279-03-1
Regulatory: USDEA Schedule I @
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Acryl fentanyl 1.000 = 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HClI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACM‘DA.TE ’Wl September 29, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-172-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-172-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-172-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01071901 1.009 0.6

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 9
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Acryl fentanyl HCI Molecular Weight (base): 334.45
Material Lot: FC10011803 Molecular Weight (salt): 370.92
Chemical Formula: Cy,H26N,0eHCI Salt Adjustment: 1.109
CAS Number: 79279-03-1
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.3% !
Secondary Chromatographic Purity by LC/MS Analysis SP10-0107 99.5%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 2 0.13%
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
C 71.24% 71.31%
Elemental Analysis Outsourced
H 7.34% 7.32%
N 7.55% 7.66%
Mass Balance Purity Factor 99.21%

! No 4-ANPP or Fentany! detected by HPLC/UV analysis.
2 Validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-172-1ML
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Spectral and Physical Data

HPLC/UV

DAD1 A Sig=210 4 Ref=off (008-P1-F4-RNA-141 FC1C011803.0)
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Column:

Mobile Phase:

Ascentis Express C18, 2.7 um

3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Jul

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC10011803
Acquired: December 04, 2018
Peak # Ret Time Area %
1 2.30 0.02
2 3.28 0.01
3 3.31 0.01
4 3.61 99.39
5 4.11 0.14
6 4.29 0.08
7 4.42 0.34
8 4.60 0.01

Residual Solvent Analysis by GC/FID Headspace

FID1A, (F-002-32-RMA-141 FN04131703 8.96mg.D)

Norm.
500

400

300

2004

100+

_F4.945 - Methanol

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:

HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 pum film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10011803

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Acquired: December 06, 2018
Peak Compound Area Weight %
1 Methanol 13.20 0.13
2 NMP NA NA
Total 0.13
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 ym, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 05, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-141 FC10011803 Acryl fentanyl HCI Cone Voltage: 15.00000000
W12051830 Sm (Mn, 2x2) 1: TOF MS ES+
TIC
4.31e5
] Time Height  Area Area%
" 266 427611 21100.69 99.47
h 453 571 1123 083
07““\““\““\““\““ R R AR R RN R R T R RN BN LR LR R R R L T|me

050 1.00

150 200 250 300 350 4.00 450 500 550 600 650 7.00 750

RMA-141 FC10011803 Acryl fentanyl HCI Cone Voltage: 15.00000000
W12051830 699 (2631) : TOF MSES*
0 335212 1160l
| Theoretical [M + H]*: 335.2123
] Found [M + H]*: 335.2125
%]
| 25
] 331606, 3372199
(e T e e e e
100 200 30 400 500 600 700 800 900 1000 1100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 28, 2019 |[Initial version.
01 January 24, 2020 [Revised Retest Date from March 2020 to December 2020.
02 September 29, 2020|Revised Retest Date from December 2020 to September 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-172-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Acryl fentanyl-1>C¢ , Primary Measurement Standard
N-phenyl-N-[1-(2-phenylethyl)-4-[piperidinyl]-2-propenamide- B¢ ¢ HCI

ISO 17034

Product No.: A-173-1ML
Lot No.: FC01081901 Raltolte
Description of CRM: Acryl fentanyl-3C¢ HCI in Methanol (Solution) ISO 13485

Nominal concentration is adjusted for HCl content. 1SO 14001
Retest Date: September 2021 See Section "Stability Assessment". ISO 9001
Storage: Store unopened in freezer (-10 °C to -25 °C).
Shipping: Ambient. See Section "Stability Assessment".

- HCl
Chemical formula: C16"3CeH6N,0 @ HCI 0 N

16 611261N2 HZCQ)J\
Regulatory: USDEA Schedule I N*

*

Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Acryl fentanyl-13C, 1.000 = 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability" on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

p Q

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-173-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Uprats = 0.000%

\\‘\ Chromatographic purity

Sobeent Addition Residual water analysis
Solution Density \\\
Uy = 0.000577 g/mL Resdual solvent analysis

Inorganic content analysis
\\ Mass measurameant \ g i

Temperature

Instrumant tolarances

T
A’lghmg techniques
/;Iance sensitrvity & linearity

Balance selection,
qualification, & minimum weights

Between Bottle
Homogeneaity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurement
Um = 0.035%:

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-173-1ML
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

¢ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢+ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-173-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently

prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method: HPLC/UV

Calibration Curve:

Calibration Curve

Linear Regression

Column: Ascentis Express C18, 2.7 ym, Number of Points: 4
3.0 x 100 mm
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01081901 1.007 1.2

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: Acryl fentanyl-*Cg HCI Molecular Weight (base): 340.41
Material Lot: FC10101803 Molecular Weight (salt): 376.87
Chemical Formula: C1613C6H26N20 e HCI Salt Adjustment: 1.107

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.3% !
Secondary Chromatographic Purity by LC/MS Analysis SP10-0107 > 99.9%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.01% 3C, vs 3Cq

0.01% 3¢, 0.02% 3C,

Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% 3¢, 2.00% '3Cq

0.00% 3G, 97.97% 3¢,

0.00% 3C;

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 2 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%

Mass Balance Purity Factor 99.30%

1'0.32% 4-ANPP detected by HPLC/UV analysis; no Fentanyl detected.
2 Validated analytical method
* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-173-1ML
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Spectral and Physical Data

HPLC/UV

DAD1 A, Sig=210,4 Ref=off (004-P1-F2-RMA-157 FC10101803.)

mAU o

€00

500

400

3004

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm
A: Acetonitrile
B: 0.1% Phosphoric acid in Water

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,

Certficate Page 6 of 10

Gradient: Time (min) % A % B
0.0 10 90
| 8.0 70 30
10.0 70 30
\ 10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
2004
Sample Name: FC10101803
0 ‘ Acquired: December 10, 2018
r NPy gy o | Peak # Ret Time Area %
L e S S e 1 1.48 0.04
3 3.10 0.00
4 3.21 0.32
5 3.36 0.01
6 3.61 99.30
7 3.95 0.02
8 4.01 0.05
9 4.11 0.06
10 4.16 0.02
11 4.26 0.01
12 4.44 0.02
13 4.63 0.13
14 5.02 0.00

Peak #4 has been identified as 4-ANPP
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (F-002-30-RMA-157 FC10101803 8.55mg D)

Norm.

5004

400

Column:
Temp Program:

Carrier Gas:

DB-ALC1 30 m x 0.53 mm,
3 um film thickness

40°C hold 12 min to 220°C at

40°C/min hold 5.5 min
Helium

Flow Rate: 2.0 mL/min
wl Detector Heater Temp: 250°C
Injector: Headspace Sampler
HS Oven Temp: 60°C
200 Vial Equilibration: 10 minutes
Sample Name: FC10101803
007 Acquired: December 06, 2018
o ] Peak Compound Area Weight %
H“2‘5‘‘Hé””7|5””1ﬂ””125‘“‘15‘“‘17‘5””2‘0”" 1 NMP NA NA
'ﬁ Total ND
ND - None Detected
'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
ke sinnes o s mon sigied printed by sgiufive {Cerillinat) o

RAMA—15T_FCTS00ER0g

1
1
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1
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4.0
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o 0 =0 4+ 1o T
H
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A %8B Acquired: December 05, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-157 FC10101803 Acryl fentanyl-13C6 HCI Cone Voltage: 15,00000000]
W12051828 Sm (Mn, 2x2) 1: TOF MS ES+
. TIC
] 44165
1 Time Height  Area Area’s
| 260 437603 2181149 100.00
N
0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ Time
050 100 150 200 250 300 35 400 450 500 55 600 650 700 730

RMA-157 FC10101803 Acryl fentanyl-13C6 HCI Cong Voltage: 14.00000000

W12051826 704 (2.649) Cm (700:704) f: TOF MO ESt
m 31.2312 9.06e

Theoretical [M + H]*: 341.2325
Found [M + H]*: 341.2312

3422348
340.22%

07Ww”wwww R e I L I L L A A I R |
000 0 40 0 60 70 80 %0 100 10
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 335-341 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: December 05, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-157 FC10101803 Acryl fentanyl-13C6 HCI Cone Voltage: 15.00000000)
W12051828 Sm (Mn, 2x2) 1: TOF MS ES+
100 16589 341.231 0.0500Da
] 3.57e5
| S Area
0: T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
050 1.00 150 200 250 3.00 350 400 450 500 550 600 650 7.00 7.50
W12051828 Sm (Mn, 2x2) 1: TOF MS ES+
100 339 340.228 0.0500Da
] 7.96e3
=] k Area
0: T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
050 1.00 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50
W12051828 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 4 339.225 0.0500Da
] 101
=] L Area
0: T T T T T T T T T T T T f f T T W“’?AM‘{\M\\#MH T T T T T
050 1.00 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50
W12051828 Sm (Mn, 2x2) 1: TOF MS ES+
100 338.222 0.0500Da
] 0 18.1
=] Area
0: T T T T T T \A T T T T T T T T T T T T T T T T T T T T T T
050 1.00 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50

W12051828 Sm (Mn, 2x2)

N
o
?

%

0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
W12051828 Sm (Mn, 2x2)
100
<
o~
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

W12051828 Sm (Mn, 2x2)

N
o
?

%

o

3.00

3.50 4.00 4.50 5.00
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5.50

6.00

5560 6.00 6.50

550 6.00

1: TOF MS ES+
337.219 0.0500Da
18.6
Area

7.00 7.50
1: TOF MS ES+
336.216 0.0500Da
15.3
Area

7.00 7.50

1: TOF MS ES+
335.213 0.0500Da
34.4
Area

A-173-1ML
Revision 02



Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (A-140-0.5ML,
Acryl fentanyl HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established for a related product (A-172-1ML,
Acryl fentanyl HCI) through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 29, 2019 |[Initial version.
01 January 24, 2020 [Revised Retest Date of March 2020 to December 2020.
02 September 29, 2020(Revised Retest Date of December 2020 to September 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-173-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis
4-ANPP, Primary Measurement Standard

N-Phenyl-1-(2-phenethyl)-4-piperidinamine 1SO 17034
Product No.: A-174-1ML ISO/IEC 17025
Lot No.: FC01141902
. . ISO 13485
Description of CRM: 4-ANPP in Methanol (Solution)
Retest Date: December 2021 See Section "Stability Assessment”. et o)
Storage: Store unopened in freezer (-10 °C to -25 °C). 1SO 9001
Shipping: Ambient. See Section "Stability Assessment".
Chemical formula: CioH24N; /O‘
CAS No.: 21409-26-7 HN
Regulatory: USDEA Schedule II @
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
4-ANPP 1.000 + 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual water, residual
solvents and residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d <
ANMAB W December 29, 2020

REFERENCE MATERIAL
PRODUCER

Darron

Cerill
Certficate Page 1 of 9

Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-174-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-174-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express Phenyl-Hexyl, 2.7 um, Number of Points: 4
3.0 x 100 mm
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141902 0.996 0.5

¢ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

* Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-174-1ML
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: 4-ANPP
Material Lot: FC10041801

Chemical Formula: CioH24N;
CAS Number: 21409-26-7
Molecular Weight: 280.41

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.7%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 * Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.69%

! validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-174-1ML
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Spectral and Physical Data

HPLC/UV
DRDT A, 5210 Ref=ot (00&-F2-EC- W 10 FC 0041801 D) Column: Ascentis Express Phenyl-Hexyl,
Al ﬁ 2.7 ym, 3.0 x 100 mm
| Mobile Phase: A: Acetonitrile
B: 0.1% Phosphoric acid in Water
“ ‘ Gradient: Time (min) % A % B
‘ 0.0 5 95
‘ 8.0 80 20
N ‘ 10.0 80 20
| 10.1 5 95
ol Flow Rate: 0.7 mL/min
‘ Wavelength: 210 nm
] Sample Name: FC10041801
Acquired: December 13, 2018
\
% i‘% ‘\ég 3 ¥ Peak # Ret Time Area %
T " T N 1 3.07 0.01
2 L : 0 2 3.16 0.01
3 3.62 0.02
4 3.71 0.01
5 3.82 0.28
6 3.97 99.48
7 4.31 0.11
8 4.62 0.02
9 4.98 0.01
10 6.06 0.02
11 6.10 0.02
GC/FID
F028, RIAEDP G 20 0B SRIRHOFCOMADID) Column: DB-35ms, 30 m x 0.53 mm ID,
"] H 1.0 pum film thickness
8 Temp Program: 40°C to 200°C at 40°C/min
a0l [ 200°C to 280°C at 5°C/min
hold 18 min
o] Injector Temp: Cool-on-Column
Detector Temp: 325°C
o Sample Name: FC10041801
o] Acquired: December 11, 2018
w0 N wle : Peak # Ret Time Area %
p ge ¢ N 1 6.51 0.00
% olr T g 2 6.88 0.00
(R i H— :
L B S S B 3 15.89 0.26
0 5 0 I ) % ] ¥ i 4 16.70 99.68
5 17.08 0.04
6 18.89 0.00
7 25.77 0.00
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

A
500+

4004

300+

200

1004

FID1

A, (F-002-14-RMA-140 FC10041801 8 60mg D)

Column:
Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10041801

'H NMR

Acquired: December 12, 2018
Peak Compound Area Weight %
1 NMP NA NA
Total ND
ND - None Detected
Instrument: JEOL ECS 400
Solvent: Chloroform-D

s dmce

=

21
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 12, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-140 FG10041801 4ANPP Sch Cone Voltage: 15,00000000}
W12121827 685 (2.962) Cm (68469%2) 1. TOF MSES+
m 141.1038 261.2010 3436
| Theoretical [M + H]*: 281.2018
| Found [M + H]*: 281.2010
d
| 1416083 282204
| | el
0 1T ‘\‘\H‘HH‘H \‘HH‘\\H‘HH‘HH‘\\H‘HH‘HH‘HH‘\H\‘HH‘HH‘\H\‘HH‘HH‘HH‘\\H‘HH‘HH mlz
0 20 X0 40 o0 70 80 %0 100 100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 22 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 06, 2019 |Initial version.
ted Retest Date of April 2020 to F 2021.
01 March 15, 2020 Updated Retest Da eo” pril 2020 to February 20
Added Long Term Stability.
02 December 29, 2020 [Updated Retest Date of February 2021 to December 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-174-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis
4-ANPP-3C, Primary Measurement Standard

N-Phenyl-1-(2-phenethyl)-4-piperidinamine- Bc 6 1SO 17034

Product No.: A-175-1ML ISO/IEC 17025
Lot No.: FC01081902 ISO 13485
Description of CRM: 4-ANPP-13C6 in Methanol (Solution)
Retest Date: October 2021 See Section "Stability Assessment". L
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 9001
Shipping: Ambient. See Section "Stability Assessment". N
Chemical formula: 13C¢Cy35H24N, HN/Q
CAS No.: NA *
Regulatory: USDEA Schedule II *© *

Analyte Certified Concentration + associated uncertainty U,

u=k*u (k=2)
4-ANPP-13C¢ 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water,
handling and correct residual solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
For MS Applications, we advise laboratories not to mix lots during a single

sequence.

Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO
17034 and registered testing laboratory AT-1352 according to ISO/IEC

17025.
d «
ANAB =~ e —
e October 26, 2020
PRGN Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was
used in the preparation of this product. This material was manufactured in
the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty
contribution from neat material homogeneity was established to be negligible through establishment of
process controls and verification of the control process. Stability uncertainty was determined to be
negligible by regression analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Uprgs = 0.000%

\'\ Chromatographic purity

Sobvent Addition Residual water analysis
Soluton Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Resdual solvent analysis

Inorganic content analysis
"\\ Mass measurament \\ g Li

Temperature

Instrument tolerances

T
A@hmg techniques
/E:llance sansitieity & linearity

Balance selection,
qualificabion, & minimum weights

Between Bottle
Homogeneaity
Ugp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. Ug (k=2) = 0.55%

Mass
Measurament
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-175-1ML
Certficate Page 2 of 11 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Details on metrological traceability:

¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and
ISO 17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

¢ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken
chain of comparisons.

*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢+ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-175-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express C18, 2.7 um, 3.0 x 100 mm|Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water [Linearity (r) : 1.000
(25:75)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC01081902 1.006 0.8

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-175-1ML
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: 4-ANPP-13Cq Chemical Formula: 13C¢C13H24N,
Material Lot: FC10171801 CAS Number: NA
Molecular Weight: 286.36
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.7%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.8%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.01% 3C, vs 3Cq
0.01% 3¢, 0.04% 3¢,

Isotopic Purity and Distribution by LC/MS SIM SP10-0107 0.00% 13C1 2.57% 13C5

Analysis

0.00% 3G,

97.38% 3Cq

0.01% 3C;

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 * Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.70%

! validated analytical method

¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.
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Spectral and Physical Data

HPLC/UV
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DAD1 A, Sig=2104 Ref=off (004-P2-A2-RMA-156 FC10171801.0)
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Column:

Mobile Phase:

Ascentis Express C18, 2.7 ym,

3.0 x 100 mm
A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Certficate Page 6 of 11

Gradient: Time (min) % A % B
\ 0.0 10 90
8.0 80 20
‘ 10.0 80 20
| 10.1 10 90
Flow Rate: 0.7 mL/min
| Wavelength: 210 nm
‘ Sample Name: FC10171801
Acquired: December 18, 2018
Peak # Ret Time Area %
3 ¢ mEe L 2.28 0.00
- LUBHER A A — 2 2.34 0.00
L S s e 3 2.78 0.00
. | 4 2.95 99.69
5 3.31 0.01
6 3.42 0.03
7 3.65 0.18
8 3.73 0.02
9 3.79 0.01
10 3.98 0.01
11 4.18 0.01
12 4.45 0.01
13 4.70 0.01
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Spectral and Physical Data (cont.)

GC/FID
FOTh, IR SPGLE A1 2 G B0 AR BR FOT D) Column: DB-5ms, 30 m x 0.53 mm ID,
‘ 1.5 pm film thickness
A A Temp Program: 40°C to 200°C at 40°C/min
ity ‘ 200°C to 300°C at 5°C/min
hold 16 min
i Injector Temp: Cool-on-Column
- Detector Temp: 325°C
o Sample Name: FC10171801
Acquired: December 18, 2018
104
A Peak # Ret Time Area %
1 7.64 0.00
a0 ‘ \@g @g b 2 15.31 99.83
0 G Ke o 3 15.80 0.00
- ; AR AR 4 16.66 0.01
L I B DEERENREREEE ‘ 5 17.67 0.01
| ] i 1§ i i il i 6 17.85 0.00
7 18.02 0.14
8 18.83 0.01
9 20.07 0.00

Residual Solvent Analysis by GC/FID Headspace

FIDTA, IF-002-12RMA-156 FC101718018.12mq D)

Norm.

500

4001

300

200

1004

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,
3 um film thickness

40°C (12 min) to 220°C at
40°C/min (5.5 min)
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10171801
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 17, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-156 FC10171801 4-ANPP-13C6 Cone Voltage: 15.00000000
WIA2171827 666 (2.565) Cm (666:69) 1. TOF NS ESt
m 1.2013 B.90e5
ut iy
°\o;
266.2249
7 1831591 286 2189 T
0““‘\“‘“\““\‘“‘\““\““\““\““\‘“‘\““\““\“‘L‘\““\‘“‘\““\““\““\“"\““\““\““\““ m/Z
100 200 30 40 500 600 100 800 0 1000 100
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Spectral and Physical Data (cont.)
Isotopic Purity by LC/MS SIM

Column: Ascentis Express C18, 2.7 um,

3.0 x 50 mm

Flow Rate:
Scan Range:

0.4 mL/min
281-287 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: December 17, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMA-156 FC10171801 4-ANPP-13C6 Cone Voltage: 15.00000000}
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W12171827 Sm (Mn, 2x2) 1: TOF MS ES+
1004 358 286.218 0.0500Da
] 5.87e3
<] k Area
O e e e e T AR AR A AR R AR R R RN AR R AR A AR RN RN RAR AR RN
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W12171827 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 285.215 0.0500Da
. 6 157
< &ﬂ Area
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100+ 284.212 0.0500Da
] 47.7
Q\oj Area
] 1
OL
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100+ 283.209 0.0500Da
] 99.4
NS Area
] 0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (A-139-0.5ML,
4-ANPP) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established for this product through real-time
stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 25, 2019 |[Initial version.
01 January 24, 2020 [Updated Retest Date of March 2020 to January 2021.
02 October 26, 2020 |Updated Retest Date of January 2021 to October 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, A-175-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Butyryl fentanyl, Primary Measurement Standard
N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl[butanamide; ISO 17034
Butyryl fentanyl (BF, NIH-10486),; Fentanyl butanamide analogue

ISO/IEC 17025

1ISO 13485
Product No.: B-083-1ML
Lot No.: FC01031904 SOy
Description of CRM: Butyryl fentanyl in Methanol (Solution) e
Retest Date: November 2021 See Section "Stability Assessment".
Storage: Store unopened in freezer (-10 °C to -25 °C). 0 N
Shipping: Ambient. See Section "Stability Assessment”. /Q
Chemical formula: Cy3H30N,0 H3C N
CAS No.: 1169-70-6
Regulatory: USDEA Schedule I

Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Butyryl fentanyl 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d <
ANMAB W December 14, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-083-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.
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Certficate Page 3 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution and to the prior lot.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r): 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01031904 1.001 0.5

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: Butyryl fentanyl Chemical Formula: Ca3H30N0
Material Lot: FC12111801 CAS Number: 1169-70-6
Molecular Weight: 350.50
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.8%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0106 99.6%
Identity by GC/MS Analysis SP10-0107 Consistent with Structure

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 * 0.16%
Residual Water Analysis by Karl Fischer Coulometry AM1346 * Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.62%

! validated analytical method.

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-083-1ML
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Spectral and Physical Data

Column:

DB-35ms, 30 m x 0.53 mm ID,

1.0 pm film thickness

Temp Program:

Injector Temp:
Detector Temp:

Sample Name:

40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min hold 16 min
Cool-on-Column
325°C

FC12111801

GC/FID
FIVA B2 G217 1345 TR0 ERUB C2FCHLITEY )
iy b
k
0 0
-
iy
fll;
il
" B
o
_\_Hk‘[}\\\\n‘\ Y\u‘L\H\\‘N‘H\\‘\\\\‘\

[ ] [ f 1 i a[] 5 minl

Acquired: January 17, 2019
Peak # Ret Time Area %
1 5.00 0.02
2 9.73 0.09
3 18.11 0.01
4 19.78 99.83
5 20.62 0.01
6 24.41 0.04

Residual Solvent Analysis by GC/FID Headspace

FIDT A, {F-)02-26-RMB-102 FC121118018.87mg.D)

PA
500

400

300

200

11.310 - Hexanes

1004

_F-13.373- Hexane 3

Column:
Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,
3 um film thickness

40°C 12 min to 220°C at
40°C/min 5.5 min

Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC12111801

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Acquired: January 23, 2019
Peak Compound Area Weight %
1 Hexanes 585.95 0.16
2 NMP NA NA
Total 0.16
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Spectral and Physical Data (cont.)

HPLC/UV
DAD1 A, Sig=210,4 Ref=off(004-P2-A2RB-102 FC121111601D) Column: Ascentis Express C18, 2.7 ym,
o g 3.0 x 100 mm
r’ Mobile Phase: A: Acetonitrile
] ‘ B: 0.1% Phosphoric acid in Water
‘ Gradient: Time (min) % A % B
0] 0.0 10 90
\ 8.0 70 30
10.0 70 30
o] | 10.1 10 90
Flow Rate: 0.7 mL/min
‘ Wavelength: 210 nm
200
‘ Sample Name: FC12111801
‘ Acquired: January 16, 2019
100+
_—-— M‘\Mmmg“ . Peak # Ret Time Area %
) S G ailpaed T 2.71 0.01
rommm 2 3.21 0.03
e ————————————— 3 3.35 0.01
4 3.74 0.06
5 3.85 0.01
6 4.07 0.01
7 4.10 0.02
8 4.20 99.57
9 4.46 0.06
10 4.53 0.04
11 4.66 0.01
12 4.88 0.01
13 4.98 0.02
14 5.24 0.01
15 5.39 0.01
16 5.45 0.02
17 5.53 0.01
18 5.71 0.01
19 5.97 0.01
20 6.71 0.09
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-083-1ML
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400

Solvent: Chloroform-D
E]omnisis0s_PrROTON—7.jarf
JSignature: File iz not signed, printed by sgif1fffe (Cerilliant)
'_‘;—_RLIB*IBZ_F([Z]IIBB] =
o
e
B
=3
-
EE
=
=
==
=g
-3 i
=3 -
=3 =
==
=4
=3
= =
= -
= =1 =
R “
R -2
£ =3 U
[ J
: . — : :
8.0 g0 6.0 5.0 4.0
AN |
,,,,,, - -
LERSTZ b
HHHHHH g
SREEFE z
X : parts per Million : 1H
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 pm, 3.0 x 50 mm Flow Rate: 0.4 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 100-1200 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) %A %8B Instrument: Waters XEVO G2 QTOF
0.0 80 20 Acquired: January 17, 2019
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMB-102 FC12111801 Butyryl fentanyl Cone Voltage: 15.00000000]
0171903 508 1.870) Cm (503512) 1. TOF NS ESt
i 351,20 1126
| Theoretical [M + H]+: 351.2436
] Found [M + H]*: 351.2430
9
' 302,241
, 303,202
0 HH‘HH‘HH‘HH‘HH \H\‘\H\‘HH‘\H\‘\H\‘HH‘HH‘HH‘\H\‘HH‘HH‘\H\‘\H\‘HH‘HH‘HH‘HH m/z
00 20 30 40 M0 600 700 80 %00 1000 100

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C

No decrease in purity was noted

after four weeks.
Room Temperature 21°C

40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision

00 February 13, 2019 [Initial version.

Revised Retest Date from April 2020 to February 2021.

01 February 18, 2020 — -
y Added Long Term Stability section.

02 December 14, 2020 [Revised Retest Date from February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-083-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified

Product No.:
Lot No.:

Description of CRM:

Reference Material - Certificate of Analysis
Butyryl fentanyl-'3Cg, Primary Measurement Standard

N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]butanamide- B¢ 6
B-084-1ML

I1ISO 17034

FC01141903
Butyryl fentanyl-13C6 in Methanol (Solution)

ISO/IEC 17025

Retest Date: November 2021 See Section "Stability Assessment". 1SO 13485
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 14001
Shipping: Ambient. See Section "Stability Assessment". 1SO 9001
Chemical formula: C1713CgH3oN>0
CAS No.: NA E)
Regulatory: USDEA Schedule I Hwac/ 13CH
H”c13 éCH
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Butyryl fentanyl-'3C,4 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on

Measurement method:

Intended use:

page 2.

page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process”

on

This Certified Reference Material is suitable for the in vitro identification,

calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for

use:

Health and safety

information:
Accreditation:

d

ACCREDITED

Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

For MS Applications, we advise laboratories not to mix lots during a sin
sequence.

the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as

gle

Danger. Please refer to the Safety Data Sheet for detailed information about

registered reference material producer AR-1353 in accordance with ISO 17034

and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<
’Wl December 14, 2020

REFERENCE MATERIAL
PRODUCER

Certficate Page 1 of 10

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-084-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-084-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141903 0.998 0.7

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: Butyryl fentanyl-'3Cg Chemical Formula: C173CgH3oN50
Material Lot: FC10091802 CAS Number: NA
Molecular Weight: 356.45
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.1%
Secondary Chromatographic Purity by LC/MS Analysis SP10-0107 98.9%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.01% 3C, vs 3Cq
0.01% C, 0.05% °C,
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% *C, 3.07% *3Cs

0.00% 3¢,

96.87% 3¢,

0.00% 3¢,

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 1 0.25%
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.83%

! validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

X Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

HPLC/UV

Al _

400-
300-
20-

100-

DAD1 A, Sig=2104 Re=off (004-F2-25-RMB- 120 FC10091802.D)
~

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um
3.0 x 100 mm
A: Acetonitrile
B: 0.1% Phosphoric acid in Water

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,

Certficate Page 6 of 10

TX 78665, USA, Tel: 800-848-7837 / 512-238-9974

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
‘ Wavelength: 210 nm
| Sample Name: FC10091802
Acquired: December 12, 2018
_ 1§ s 8 Peak # Ret Time Area %
0 — ‘ﬂ“”‘ “-MMW‘ m‘ ¥ s —] 1 3.64 0.23
) ‘ | § ; 1 i 2 4.00 0.08
4 4.46 0.03
5 4.66 0.06
6 4.85 0.02
7 4.94 0.02
8 5.09 0.14
9 5.24 0.01
10 5.38 0.01
11 5.45 0.01
12 5.56 0.02
13 5.98 0.18
14 6.71 0.01
15 6.95 0.01
16 7.78 0.08
17 7.85 0.02

B-084-1ML
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

TIOTA (0T LRG0 FC T Te02 55 ma D) Column: DB-ALC1 30 m x 0.53 mm,
ol 3 pm film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
0+ Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
] Injector: Headspace Sampler
HS Oven Temp: 60°C
. Vial Equilibration: 10 minutes
3 Sample Name: FC10091802
0 § Acquired: December 12, 2018
3 _ Peak Compound Area Weight %
" 1 Methanol 24.62 0.25
w 2 NMP NA NA
Total 0.25
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
P J‘C A L J
= 7 v . I _JI'-....JL.a’II\._..JI'...-LJrIII._.___J.JL_"
s am & A By = Bs 1
A L N N
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 12, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMB-120 FC10091802 Butyryl fentanyl-13C6 Cone Voltage: 15.00000000]
W12121816 Sm (Mn, 2x2) 1: TOF MS ESt
) TIC
| 1.33e6
Area
Time  Height ~ Avea Area%|
259 11087 47110 071

3 291 1312665 66021.80 98.89

1 323 17112 9760 019
345 2931 15185 023
452 1492 469% 007

o T T
RMB-120 FC10091802 Butyryl fentanyl-13C6 Cone Voltage: 15,00000000}
WAA2186 777 (2.910) Cm (73.790) f: TOF MSESt
0 357 60 1.1%7

Theoretical [M + H]*: 357.2638
Found [M + H]*: 357.2632

R

336.2660
3362609
392111

0\\\\\\\\\\\\\\\\\\\\\ mlz
0 00 0 40 N0 60 T %0 %0 100 1100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:

Ascentis Express C18, 2.7 um,
3.0 x 50 mm

Flow Rate:
Scan Range:

0.4 mL/min
351-357 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: December 12, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMB-120 FC10091802 Butyryl fentanyl-13C6 Cone Voltage: 15.00000000}
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 49900 357.263 0.1000Da
1 1.00e6
= Area
O:”‘\”‘w‘”w”‘w””\”‘w‘”\‘”w‘”w”w””\”‘w”‘w T T T T T T T IRESREASRA] HAARRARRRBRRE RRRN
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 6.50 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100 1581 356.26 0.1000Da
] 3.35e4
= Area
0: T T T T T T T T T T T T T T T T T T T T T T T T T T
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 650 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100 25 355.257 0.1000Da
] 475
=] Area
0:”‘\”‘w”‘\”‘w‘”w”‘w””\"‘w‘”\‘”w‘”w”‘w””\””\‘”‘\”‘w‘”w”‘w”‘w””H”HHH”HH\””\””\H”\HH‘”w”w”w””
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 650 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
_ 354.254 0.1000Da
] 132
= Area
1: T T T T T T T T T T T [ T T [ T T T T T T T T SRS IR RARRRBRRARRRE
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 650 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 353.251 0.1000Da
] 96.0
<= Area
C:”‘\”‘w”‘\”"\A‘”w”‘w””\"”T/‘\W“”‘\M‘w"\‘“‘m‘%‘“N\\"M"/\\‘/\”‘\”‘w‘”w”‘w”‘w””H”HHH”HH\””\””\‘/\H\ A
050 1.00 150 200 250 3.00 350 4.00 450 6.00 650 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 352.248 0.1000Da
i 53.5
= Area
ol NTSRY o Al ety "
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 6.50 7.00 7.50
W12121816 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 4 351.245 0.1000Da
3 70.3
R Area
hE Time
050 1.00 150 200 250 3.00 350 4.00 4.50 6.00 6.50 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (B-066-0.5ML,
Butyryl fentanyl) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 February 19, 2019 [Initial version.
Revised Retest Date from April 2020 to February 2021.
01 February 18, 2020 — -
y Added Long Term Stability section.
02 December 14, 2020 Revised Rete?st Date from Feb.ruary 2021 to November 2021.
Added chemical structure to first page.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, B-084-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Cyclopropyl fentanyl, Primary Measurement Standard
N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-cyclopropanecarboxamide HCI

Product No.: C-198-1ML 15017034
Lot No.: FC12261807
Description of CRM: Cyclopropyl fentanyl HCI in Methanol (Solution) BO/EC 17025
Nominal concentration is adjusted for HCI content. 18Dty

Retest Date: November 2021 See Section "Stability Assessment". Sl
Storage: Store unopened in freezer (-10 °C to -25 °C). IS0 9001
Shipping: Ambient. See Section "Stability Assessment". .
Chemical formula: C,3H55N,0 o HCI o N
CAS No.: NA V)LN/Q
Regulatory: USDEA Schedule I ©

Analyte Certified Concentration + associated uncertainty U,

u=k*u (k=2)
Cyclopropyl fentanyl 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual solvents and
handling and correct residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Upr = 0.203% Uggss = 0L000%%

\\‘\ Chromatogr aphic purity

Solvent Addition Residual water analysis
Solution Densit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
. Mass measurement \\ g Y

Temperature

Instrumant tolarances

T
A@hmg technigques
/E:alara:a sensitreity & linearity

Balance selection,
qualfication, & minimum weights

Between Bottle
Homogeneaity
Uss = 0.07%

Primary Standard
Mominal Concentration
rel. up = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-198-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression
Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.7 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261807 0.993 0.9

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 9
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Cyclopropyl fentanyl HCI Molecular Weight (base): 348.48
Material Lot: FC10031801 Molecular Weight (salt): 384.94
Chemical Formula: Cy3H2gN,0 o HCI Salt Adjustment: 1.105
CAS Number: NA
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.4% 1
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99,3% *
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by 'H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 ? None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 ° Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
C 71.76% 71.59%
Elemental Analysis Outsourced
H 7.59% 7.61%
N 7.28% 7.45%
Mass Balance Purity Factor 99.42%

! No 4-ANPP or Fentany! detected by HPLC/UV or GC/FID.
2 Validated analytical method

* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

* The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-198-1ML
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Spectral and Physical Data

HPLC/UV
DAD1 A, Sq=2104 Ref=of (105 +D3RIC-145 FCTO0R1801 )] Column: Ascentis Express Phenyl-Hexyl,
i 2 2.7 um, 3.0 x 100 mm
an t Mobile Phase: A: Acetonitrile
B: 0.1% Phosphoric acid in Water
%0 Gradient: Time (min) % A % B
0.0 10 90
0 - 8.0 70 30
10.0 70 30
= 10.1 10 90
" Flow Rate: 0.7 mL/min
Wavelength: 210 nm
1504
Sample Name: FC10031801
0w Acquired: February 11, 2019
b N P Peak # Ret Time Area %
S 1 4.21 0.01
] 2 4.36 0.11
7 J ; R 3 5.07 99.41
5 5.87 0.41
GC/FID
FID2 8, Back Signal (RMC-145 P GC 10 2018-02-11 22-26-34B-0024-RMC-145 FC10031801.0) COlumn: DB_35mS, 30 m X 053 mm ID,
o N 1.0 um film thickness
o Temp Program: 40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min hold 16 min
00 Injector Temp:  Cool-on-Column
Detector Temp: 325°C
2500
Sample Name: FC10031801
0 Acquired: February 11, 2019
15001 Peak # Ret Time Area %
1 20.93 0.10
1000 2 22.87 0.03
3 23.31 99.31
50+ 4 23.63 0.21
, ;8§ 5 27.41 0.35
W I -
R T S Y Y N T
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1A, (F-002-22-RMC-145 FC10031801 8.88mg.D)

Norm,
500

4004

3004

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Injector:
HS Oven Temp:

Vial Equilibration:

Sample Name:

Detector Heater Temp:

DB-ALC1 30 m x 0.53 mm,

3 gm film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10031801

Acquired: February 14, 2019
100
Peak Compound Area Weight %
N N |\ S— 1 NMP NA NA
8 Total ND
0 25 5 75 10 125 15 175 2 mif ND - None Detected
‘H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
Z7Q02111903 PROTON=T.jdf o -
:jﬂfn.?gﬂléiiﬂélléanﬁilmed printed by sginffre (Cerillianty g
== \
= ] ...‘“L _..J o,
150 14.0 lJI.D lll llI.D 10,0 9.‘0 BIIJ .T.IIJ 6#3 S.IIJ -IIIJ —ll.D —:I.D —3.0
1 N AN
X:pamperl\lj]]jnn:;{
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: February 11, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RNC-145 FC10031801 Cyclopropyl fentany! HC Cone Voltage: 1000000000
WOZLLLO43 468 (L767)Cm (466469 1 TOF NS ESt
309.2067 6.72¢5
100’ Theoretical [M + H]*: 349.2280
1 Found [M + H]*: 349.2267
¢
’ 02
| 312352
0 HH‘HH‘HH‘HH‘HH \\\\‘HH‘HH‘HH‘HH‘\H\‘\H\‘HH‘\\\\‘\\\\‘\H\‘\\\\‘HH‘HH‘HH‘HH‘HH m/z
020 % 00 N 60 M0 80 %0 000 L0
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 21, 2019 |Initial version.
01 April 03, 2020 Updated Retest Date from May 2020 to February 2021.
02 January 11, 2021 [Revised Retest Date from February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-198-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Cyclopropyl fentanyl-13C6 , Primary Measurement Standard

N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-cyclopropanecarboxamide- 1> C s HCI
Product No.: C-199-1ML

Lot No.: FC12261803 ik ey
Description of CRM: Cyclopropyl fentanyl-3C¢ HCI in Methanol (Solution) DRllee
Nominal concentration is adjusted for HCI content. IS0 13485

Retest Date: November 2021 See Section "Stability Assessment". bl
Storage: Store unopened in freezer (-10 °C to -25 °C). 1SO 9001
Shipping: Ambient. See Section "Stability Assessment". «HCl
Chemical formula: C1,"3CeH5N50 o HCI o) /O
CAS No.: NA V)'LN %
Regulatory: USDEA Schedule 1 ©

Analyte Certified Concentration + associated uncertainty U,

u=k*u (k=2)
Cyclopropyl fentanyl-'3C,4 1.000 £ 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability™ on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents, and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
AﬁAB (?ﬁé/ March 05, 2021

REFERENCE MATERIAL
0DUCH

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-199-1ML
Certficate Page 1 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

Meat Material Solution Standard

Purity Factor Stability

Uy = 0.203% Ugrgs = 0.000%%
\ Chromatographic purity

Solvent Addition Residual water analysis
Solution Densit
Ug = 0.000577 ;,rm.'_ \\ Residual solvent analysis

Inorganic content analysis
\\ Mass measuramant \ g Li
\\ Temperatura

Instrumant tolerances

T
A@hmg technigques
/;:‘ILEHEE sansitvity & inearity

Balance selection,
qualfication, & rminimum weights

Between Bottle
Homoganaity
Upp = 0.07%

Primary Standard
MHominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuramant
Um = 0.035%:
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

+ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

* Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-199-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express C18, 2.7 um, 3.0 x 100 mm |Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.7 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261803 1.003 0.7

* Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-199-1ML
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Cyclopropyl fentanyl-13C6 HCI Molecular Weight (base): 354.44
Material Lot: FC10031803 Molecular Weight (salt): 390.90
Chemical Formula: C1713CgH2gN,0 o HCI Salt Adjustment: 1.103
CAS Number: NA
Material Characterization Summary

Analytical Test Method Results

Prlmar}/ Chromatographic Purity by HPLC/UV SP10-0102 99.5%

Analysis

Seconc-lary Chromatographic Purity by GC/FID SP10-0101 99.4%

Analysis

Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.00% 3C, vs 13Cq
Isotopic Purity and Distribution by LC/MS SIM SP10-0107 0.00% 13C, vs 1°C; 2.08% 13,

Analysis

0.04% 3C,

97.88% 3¢,

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected
Residual Water Analysis by Karl Fischer AM1346 ! 0.55%
Coulometry
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
52.24% 69.77%
Elemental Analysis Outsourced
7.48% 7.44%
7.17% 7.12%
Mass Balance Purity Factor 98.98%

! validated analytical method

* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
* The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.
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Spectral and Physical Data

HPLC/UV
DADT A, Sige210.4 Ref=of (004-F2-D5-RMC-143 FC10031803.0) Column: Ascentis Express C18, 2.7 pm,
| 8 3.0 x 100 mm
50 % Mobile Phase: A: Acetonitrile
] B: 0.1% Phosphoric acid in Water
| | Gradient: Time (min) % A % B
0 0.0 10 90
] | 8.0 70 30
1 10.0 70 30
- 10.1 10 90
| Flow Rate: 0.7 mL/min
| Wavelength: 210 nm
2004
Sample Name: FC10031803
| Acquired: January 22, 2019
1001
_ Peak # Ret Time Area %
g mi 1 3.26 0.03
e PR 2 3.31 0.10
T I 3 3.34 0.12
5 4.28 0.05
6 4.39 0.02
7 4.51 0.06
8 4.81 0.01
9 5.00 0.06
GC/FID
FIDZB, (RUIC-143 P GC § 20100125 10TOBA0LARNC- 13 FCIB0SD) Column: DB-35ms, 30 m x 0.53 mm 1D,

1.0 pm film thickness
Temp Program: 40°C to 200°C at 40°C/min

200°C to 300°C at 5°C/min hold 16 min
Injector Temp: Cool-on-Column
Detector Temp: 325°C

g2 5
\ \
— 23157

Sample Name: FC10031803
Acquired: January 25, 2019

Peak # Ret Time Area %

-

11.59 0.04
1 2 17.13 0.14
1w, 3 20.77 0.11
- ~ PR 5 22.69 0.02
= : Do EReE 6 23.16 99.44
7 23.44 0.17
8 24.29 0.02
9 25.32 0.05

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-199-1ML

Certficate Page 6 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1 A, (F-002-22-RMC-143 FC10031803 846mg.D) Column: DB-ALC1 30 m x 0.53 mm,
0] 3 um film thickness
] Temp Program: 40°C hold 12 min to 220°C at
1 40°C/min hold 5.5 min
. Carrier Gas: Helium
1 Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
] Injector: Headspace Sampler
1 HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
280;
1 Sample Name: FC10031803
] Acquired: January 23, 2019
100+
1 Peak Compound Area Weight %
| B B RS 1 NMP NA NA
o] Total ND
1 : - : : S : ND - None Detected
0 25 5 15 125 1 175 20 miy
‘H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
:— lg%.in‘;%‘ﬁ%ﬁ%é%&iﬁpmmdw sgiuffre (Cerilliant) E
= k-
= g E 2 (= g
. == j: = 'V '1 [:‘ ]
T =] i AN |
= J\ FASANY N ) ‘u\J NJ L LL J 'JuL J
’] ' NG | N 24N T

X : parts per Million : 1H
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: January 25, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMC-143 FC10031803 Cyclopropyl fentanyl-L3C6 HCI Cone Voltage: 1000000000}
01251922 486 (1.79) 1: TOF NS ES+
10, 305.2485  Theoretical [M + H]*: 355.2481 3,054
] Found [M + H]*+: 355.2465
o
356.2563
, 354.2368
0\H\‘HH‘HH‘HH‘HH‘\H\‘\H\‘\\H‘\\H‘HH‘HH‘HH‘HH‘\H\‘\H\‘\H\‘\\H‘HH‘HH‘HH‘HH‘HHm/Z
100 200 30 400 500 600 100 800 90 1000 1100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS

Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 349-355amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A %8B Acquired: January 25, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMC-143 FC10031803 Cyclopropyl fentanyl-13C6 HCI Cone Voltage: 10.00000000}
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 13088 355.247 0.0500Da
3 3.00e5
S Area
O: T L I L I L L L L L I T T L I
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 278 354.244 0.0500Da
] 6.42e3
0.\37 Area
O: T L L L L L L L L L L T T L L
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100- 5 353.241 0.0500Da
3 99.6
<] Area
o“A‘MA‘W\NWAAM/\A‘M/\MWMM‘
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100- 352.238 0.0500Da
] 68.5
9\07 Area
0;‘ T T T T ‘O‘ T ‘A\ T T ‘A‘ T T TTT L L T \A‘ ‘A‘ T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 351.235 0.0500Da
] 235
o Area
kK TN b
0t—— Hw“"\HA"\“HA\‘AHMHHA\A‘/\‘\M[\HA\“AA“\‘[‘\/‘\M\A‘M‘A‘\‘AH‘A\HH\H‘w{\““
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100- 350.232 0.0500Da
: 17
(<N A
o\,: A_;\J rea
o: T L /\‘ T T T T f‘\ T ‘/\‘ T L L I ‘/-\\ T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251922 Sm (Mn, 2x2) 1: TOF MS ES+
100 349.229 0.0500Da
] 26.6
o Area
[ | o\E 0
0- Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (C-177-0.5ML,
Cyclopropyl fentany! HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 13, 2019 |Initial version.
Revised Retest Date from May 2020 to February 2021.
01 April 10, 2020 M 73y 4 L
Added Long Term Stability Section.
02 March 05, 2021 Revised Retest Date from February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, C-199-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Furanyl fentanyl, Primary Measurement Standard
N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-2-furancarboxamide HCI, Furanyl fentanyl (FU-F)
Product No.: F-063-1ML

Lot No.: FC12121801 1SO 17034
Description of CRM: Furanyl fentanyl HCl in Methanol (Solution) ISO/IEC 17025

Nominal concentration is adjusted for HCI content. 1SO 13485
Retest Date: September 2021 See Section "Stability Assessment". 1SO 14001
Storage: Store unopened in freezer (-10 °C to -25 °C). 1SO 9001
Shipping: Ambient. See Section "Stability Assessment".

Chemical formula: Co4Ho6N,0,0HCI o) O HCI
CAS No.: 101365-56-4 ®)LN
Regulatory: USDEA Schedule 1/9834 \_o @

Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Furanyl fentanyl 1.000 = 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability" on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACM‘DA.TE ’W September 28, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Usegs = 0.000%

\'\ Chromatographic purity

Sobrent Addition Residual water analysis
Solution Density \\\
Uy = 0.000577 g/mL Residual solvent analysis

Inorganic content analysis
T Mass measurement \ g Y

Temperature

Instrumant tolerances

Ta
A'lghmg techniques
/;Iance sansitrvity & linearity

Balance selection,
qualification, & minimum weights

Between Bottle
Homogeneaity
Upp = 0.07%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-063-1ML
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

¢ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢+ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-063-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express C18, 2.7 um, 3.0 x 100 mm [Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12121801 1.009 0.3

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

*+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above for
the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-063-1ML
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: Furanyl fentanyl HCI Molecular Weight (base): 374.48
Material Lot: FC09271803 Molecular Weight (salt): 410.94
Chemical Formula: Cu4H26N,0,0HCI Salt Adjustment: 1.097
CAS Number: 101365-56-4
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.4% !
Secondary Chromatographic Purity by LC/MS Analysis SP10-0107 99.6%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by 'H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 2 1.27%
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
C 70.15% 69.48%
Elemental Analysis Outsourced
H 6.62% 6.89%
N 6.82% 7.02%
Mass Balance Purity Factor 98.11%

1 0.20% 4-ANPP detected by HPLC/UV analysis
2 Validated analytical method
¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-063-1ML
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Spectral and Physical Data

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

DADT &, Sg-2104 Reof (00471 C 2 RWF D52 FCUG2T803D)
A %
@
0] i
600
500
w0
0
0
104
o S —
R ———,
2 4 [} 8 10 mi

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC09271803
Acquired: November 12, 2018
Peak # Ret Time Area %
1 3.74 0.20
2 3.88 0.06
3 4.36 99.38
4 4.62 0.06
5 5.16 0.05
6 5.22 0.02
7 5.34 0.20
8 5.72 0.03

Peak 1 has been identified as 4-ANPP

Residual Solvent Analysis by GC/FID Headspace

FID1A, (F-002-14-RMF-052 FC09271803 9.71mg.D)

Norm.

500

400

300

200

100

= 4.902 - Methanol

Column:

Temp Program:

DB-ALC1 30 m x 0.53 mm,

3 pum film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
Injector: Headspace Sampler
HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
Sample Name: FC09271803
Acquired: November 14, 2018
Peak Compound Area Weight %
1 Methanol 143.28 1.27
3 NMP NA NA
Total 1.27
F-063-1ML
Revision 02



Spectral and Physical Data (cont.)

1H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg

Q11131806_PROTON—7.jdf
Signature: File is not signed, printed by sgiuffre (Cerilliant)
RMF—052_FC09271803
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: November 13, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMF-052 FC09271802 Furanyl fentanyl HCI Cone Voltage: 15.00000000]
11131805 Sm (Vn, 212) f: TOF MS ESt
: TIC
, 1,896
— Area
1 Tme  Height  Area Areals
) 200 M6 30443 044
o\i 280 1847434 8820420 999

f v VL L e Time

P R A A A M e L L A L
050 100 150 200 250 300 3N 400 430 500 530 60 6N 700 70

RMF-052 FC09271802 Furanyl fentanyl HCI Cong Voltage: 14.00000000

WA13805 752 2.821) O (13075 1 TOFNSES:
" Y5258 826

Theoretical [M + H]*: 375.2073
Found [M + H]*: 375.2058

I

376,087

* 32123
0 HH‘\H\‘HH‘\H\‘HH‘\H\‘HH‘\H\‘H\\‘HH‘HH‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH‘HH‘\H\‘HH m{z

0 20 300 40 N 600 70 B0 %0 1000 1100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established for this product through real-time
stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 15, 2019 |Initial version.
01 January 30, 2020 |Revised Retest Date from March 2020 to December 2020.
02 September 28, 2020 |Revised Retest Date from December 2020 to September 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-063-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Furanyl fentanyl-*>C,, Primary Measurement Standard
N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-2-furancarboxamide- B3¢ ¢ HCI

ISO 17034

Product No.: F-064-1ML
Lot No.: FC01041902 Beltels
Description of CRM: Furanyl fentanyl-'3Cg HCI in Methanol (Solution) ISO 13485

Nominal concentration is adjusted for HCI content. ISO 14001
Retest Date: September 2021 See Section "Stability Assessment". 1SO 9001
Storage: Store unopened in freezer (-10 °C to -25 °C).
Shipping: Ambient. See Section "Stability Assessment".

*HCI
Chemical formula: C15*3CeH6N,0, o HCI 0 /O
CAS No.: NA @AN
Regulatory: USDEA Schedule 1/9834 o, ©

*

Analvte Certified Concentration * associated uncertainty U,
y u=k*u (k=2)
Furanyl fentanyl-"°C, 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability" on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 uL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACMDA.TE ’Wl September 28, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Uprgs = 0.000%

\'\ Chromatographic purity

Sobvent Addition Residual water analysis
Solution Density \\\
Uy = 0.000577 g/mL Residual solvent analysis

Inorganic content analysis
"\\ Mass measurament \\ g Li

Temperature

Instrument tolerances

T
A@hmg techniques
/E:llance sansitieity & linearity

Balance selection,
qualificabion, & minimum weights

Between Bottle
Homogeneaity
Ugp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-064-1ML
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Details on metrological traceability:
¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

¢ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

+ Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢+ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-064-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution and to the prior lot.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method: HPLC/UV

Calibration Curve:

Calibration Curve

Linear Regression

Column: Ascentis Express Phenyl-Hexyl, Number of Points: 4
2.7 ym, 3.0 x 100 mm
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r): 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01041902 1.001 0.8

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: Furanyl fentanyl-'>C4 HCI Molecular Weight (base): 380.43
Material Lot: FC10101802 Molecular Weight (salt): 416.89
Chemical Formula: C1813C6H26N202 e HCI Salt Adjustment: 1.096
CAS Number: NA

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.3%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.3%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.00% *C, vs 3Cq

0.00% 3¢, 0.04% 3c,

Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% *C, 2.03% '3Cq

0.00% 3G, 97.93% 3¢,

0.00% 3¢,

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 1 0.77%
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.49%

! validated analytical method.

* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢+ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-064-1ML
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Spectral and Physical Data

HPLC/UV

DADT A, Sig=210,4 Ref=0ff (009-P2-B5-RMF-068 FC10101802.D)
mAU

—4-495

3004

0
] ‘
180 ‘
1004 ‘

30 ‘

Column:

Mobile Phase:

Gradient:

Ascentis Express Phenyl-Hexyl,
2.7 um, 3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water
Time (min) % A % B

0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC10101802
Acquired: December 04, 2018
Peak # Ret Time Area %
1 3.89 0.14
2 3.98 0.04
3 4.50 99.25
4 4.87 0.03
5 4.99 0.04
6 5.29 0.06
7 5.43 0.41
8 5.77 0.01
9 6.15 0.01
Column: DB-5ms, 30 m x 0.53 mm ID,

Temp Program:

Injector Temp:
Detector Temp:

Sample Name:

1.5 pm film thickness

60°C to 300°C at 20°C/min
hold 27 min
Cool-on-Column

325°C

FC10101802

“‘2“‘4“IE“‘B“‘WU“‘WI
GC/FID
FIDTA, (RAF-063 P GC 620181 1-30 {8-28-C5B-00-XHRMF68 =C0 018C2.0)
M )
N
i
304 "
3000+
0
2000
04
|
04
LN 00
] (-
ul S
17 R 8 O 11
\\\\‘\\\\‘\\\‘\\‘\\\‘\\\\‘\\\\‘
0 § 0 5 il 4 bl B nl
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Acquired: November 30, 2018
Peak # Ret Time Area %

1 11.52 0.05

2 11.97 0.16

3 13.95 0.00

4 15.75 99.27

5 16.54 0.04

6 16.83 0.01

7 17.05 0.06

8 17.51 0.40

9 17.99 0.01
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1A, (F-002-20-RMF-068 FC10101802 10.57mg.0) c°|umn: DB_ALC]_ 30 m X 053 mm,
g 3 um film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Carrier Gas: Helium
" Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
Injector: Headspace Sampler
0 HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
] Sample Name: FC10101802
B Acquired: December 06, 2018
g
100+ g
g Peak Compound Area Weight %
1 ] 1 Methanol 94.72 0.77
0 2 NMP NA NA
s s T T s 6 s p W Total 0.77
1H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
e T o by aghuffe (Certliaaty 3
Z- = | = =
' ML 1
j = [ J1 L1 1[ R R
= =_ JI|._, .-'J"'J""I LllL _J o e | '__.:Lalh'lqu_,a L
I S AN A A AN A A |
i §3z2g38 EE g3 ECEASZED B EEEAS £
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, 3.0 x 50 mm Flow Rate: 0.4 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 100-1200 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) %A %8B
0.0 90 10 Instrument: Waters XEVO G2 QTOF
0.5 90 10 Acquired: December 03, 2018
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMF-068 FC10101802 Furanyl fentanyl-3C6 HCI Cone Voltage: 15.00000000
V12031857 770 (2.885) O (167779 £, TOFNSES
7 361.2268 24266
100 Theoretical [M + H]*+: 381.2274
| Found [M + H]*: 381.2268
4
382.2305
| 300247
0 I e e m/Z
00 200 30 40 00 600 700 80 w00 000 100

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:
Mobile Phase:

Ascentis Express C18, 2.7 um, 3.0 x 50 mm
A: 0.1% Formic acid in Water

Flow Rate:
Scan Range:

0.4 mL/min
375-381 amu

B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) %A %8B
0.0 90 10 Instrument: Waters XEVO G2 QTOF
0.5 90 10 Acquired: December 03, 2018
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMF-068 FC10101802 Furanyl fentanyl-13C6 HCI Cone Voltage: 15.00000000}
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 11826 381.227 0.0500Da
] 2.65e5
=] Area
(O e A B A s B A B R A B o o e I e e B R B A A A L A AR A
050 1.00 150 2.00 250 300 350 400 450 500 550 6.00 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 245 380.224 0.0500Da
] 5.86e3
=] Area
(O e A B A s B A B R A B o B e I e B B R R A A A L A AR A
050 100 150 2.00 250 300 350 400 450 500 550 6.00 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 5 379.221 0.0500Da
] 80.9
= Area
0:”‘\"”\”‘w‘”‘\‘”‘\"”\”‘w‘”‘\"”\"”‘m”‘w‘”‘\"”\”‘w”‘w‘”‘\"”\”‘w‘”w‘”‘\"”\”‘w”‘w‘”‘\"”\”‘w‘”‘\‘”w”‘w”‘w”w””
050 100 150 2.00 250 300 350 400 450 500 550 6.00 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
_ 378.218 0.0500Da
100
] o 13.2
= Area
o4
050 100 150 2.00 250 300 350 400 450 500 550 6.00 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
1004 377.215 0.0500Da
1 26.7
=] Area
; Lo &
O’ T T T \/\ T T T T T T T M\ T T T T T T T T T T T T T T T T T T T
050 100 150 2.00 250 300 350 400 450 500 550 6.00 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
1004 376.212 0.0500Da
i 19.9
=] o Area
O: T T T T T T T T T T T T T T T T T T T T A\_A_\/\_A‘\A—/\\—}\\A T /K\ T T T T
050 100 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50
W12031857 Sm (Mn, 2x2) 1: TOF MS ES+
100 375.209 0.0500Da
%j 11.2
o Area
- Ol b Wb
0 T T T T )\\_{\ T T T T T T A T T T T T T T T T T T T T T T T T A_/\\ T T Time
050 100 150 2.00 250 300 350 400 450 500 550 600 650 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (F-046-0.5ML,
Furanyl fentanyl HCl) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C

No decrease in purity was noted

after four weeks.
Room Temperature 21°C

40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 22, 2019 |[Initial version.
01 January 30, 2020 [Revised Retest Date from March 2020 to December 2020.
02 September 28, 2020|Revised Retest Date from December 2020 to September 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-064-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

para-Fluorobutyryl fentanyl, Primary Measurement Standard

N-(4-Fluorophenyl)-N-(1-phenethylpiperidin-4-yl)butyramide
4-Fluorobutyryl fentanyl (4-FBF, 4F-BF); para-Fluorobutyryl fentanyl (p-FBF),; p-Fluorobutyryl fentanyl (p-FBF) 1SO 17034
Product No.: F-065-1ML ISO/IEC 17025
Lot No.: FC01071902 T
Description of CRM: para-Fluorobutyryl fentanyl in Methanol (Solution) e
Retest Date: January 2022 See Section "Stability Assessment”. R
Storage: Store unopened in freezer (-10 °C to -25 °C).
Shipping: Ambient. See Section "Stability Assessment". /\/@
Chemical formula: C,3H,6FN,O F N
CAS No.: 244195-31-1 N
Regulatory: USDEA Schedule I
He ™o
Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
para-Fluorobutyryl fentanyl 1.000 = 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 3.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual water, residual
solvents and residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d <
ANMAB W February 02, 2021

REFERENCE MATERIAL
PRODUCER

Darron

Cerill
Certficate Page 1 of 10
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-065-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-065-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.
Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01071902 0.989 1.0

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: para-Fluorobutyryl fentanyl Chemical Formula: Cy3H20FN,0O
Material Lot: FC09241801 CAS Number: 244195-31-1
Molecular Weight: 368.49

Material Characterization Summary

Analytical Test Method Results

Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.7% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%

Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 2 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Not Detected

Calculated | Analyzed

C 74.97% 75.25%

Elemental Analysis Outsourced
H 7.93% 7.90%
N 7.60% 7.82%
Mass Balance Purity Factor 99.65%

1 0.01% para-Fluorofentanyl and 0.06% Butyry| fentanyl were detected by HPLC/UV analysis
2 Validated analytical method
¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-065-1ML
Certficate Page 5 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 01




Spectral and Physical Data

HPLC/UV

DAD' A, Sig=2104 Ref=off (004-P1-E2-RMF-053 FC09241801.D)

mAU 2
S

-

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm
A: Acetonitrile
B: 0.1% Phosphoric acid in Water

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,

Certficate Page 6 of 10

Peak 1 is identified as para-Fluorofentanyl
Peak 3 is identified as Butyryl fentanyl

TX 78665, USA, Tel: 800-848-7837 / 512-238-9974

20- Gradient: Time (min) % A % B
| 0.0 10 90
5 | 8.0 70 30
- 10.0 70 30
" | 10.1 10 20
: | Flow Rate: 0.7 mL/min
. Wavelength: 210 nm
: “ Sample Name: FC09241801
100- Acquired: February 25, 2019
- | Peak # Ret Time Area %
: §§‘\§ e 1 4.69 0.01
PR TS TR oowes 2 4.92 0.02
L o 3 4.95 0.06
M’ 4 5'04 99'65
5 5.31 0.02
6 5.34 0.01
7 5.38 0.01
8 5.85 0.05
9 6.10 0.01
10 6.22 0.03
11 6.40 0.03
12 6.67 0.11
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Spectral and Physical Data (cont.)

GC/FID

A
3500+
30004
25004
20004
1500+
1000~

500

FID2 B, Back Signal (RMF-053 P GC 10 2019-02-27 12-06-22\B-002-12-RMF-053 FC09241801.)

21.488

21.797
%553
124653
-426.104

+4s5.470
-10.366
-+17.133
18.736

K

5 10 15 2 2 30 35 m!

Column:

Temp Program:

Injector Temp:
Detector Temp:

Sample Name:

DB-35ms, 30 m x 0.53 mm ID,
1.0 pum film thickness

40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min
hold 16 min

Cool-on-Column

325°C

FC09241801

Acquired: February 27, 2019
Peak # Ret Time Area %

1 5.47 0.00

2 10.37 0.01

3 17.13 0.02

4 18.74 0.07

5 21.49 99.73

6 21.80 0.05

7 22.78 0.01

8 23.24 0.03

9 24.65 0.05

10 26.10 0.03

Residual Solvent Analysis by GC/FID Headspace

Norm.

500

Certficate Page 7 of 10

400+

3004

200+

100

FID1A, (F-002-16-RMF-053 FC09241801 9.09mg.D)

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp

Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

: 60°C

10 minutes

FC09241801

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974

Acquired: February 26, 2019
Peak Compound Area Weight %
1 NMP NA NA
Total ND

ND - None Detected
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400

Solvent: Chloroform-D
— QO02281905_PROTON—13.jdf
~ E}%ﬁf“(‘)‘% li_%gogzziglsaifgne(l, printed by sgiuf 'x-i}(;e-viuinm)
-] = )
= / v \‘ i L
““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““
8.0 0 6.0 5.0 4.0 0
PI7N A 1
=g g1y z
= ZE = =
X : parts per Million : 1H
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Spectral and Physical Data (cont.)

LC/MS
Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm
Mobile Phase: A: 0.1% Formic acid in Water
B: Acetonitrile

Gradient: Time (min) %A %8B

0.0 80 20

5.0 20 80

6.0 20 80

7.0 80 20

11.0 80 20

Flow Rate:

Scan Range:

Ionization:

Instrument:

Acquired:

0.5 mL/min

100-1000 amu
Electrospray, Positive Ion
Agilent 6410A

Mass Spectrometer
February 26, 2019

0.8

0.6

0.4-

0.2

+ESI Scan (3.703-3.921 min, 43 Scans) Frag=80.0V A02261906.d

369.2000

[M + H]*
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 22 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 25, 2019 |Initial version.
01 February 02, 2021 [Updated Retest Date of February 2021 to January 2022.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-065-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

para-Fluorobutyryl fentanyl-13C6, Primary Measurement Standard
N-(4-Fluorophenyl)-N-(1-phenethylpiperidin-4-yl)butyramide- B3¢ 6

Product No.: F-066-1ML
Lot No.: FC01031902 o L
Description of CRM: para-Fluorobutyryl fentanyl-13C6 in Methanol (Solution) SRl L
Retest Date: November 2021 See Section "Stability Assessment". ISO 13485
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 14001
Shipping: Ambient. See Section "Stability Assessment". o 1SO 9001
Chemical formula: C173CgH2oN,OF H3C/\)LNO:Ej*
CAS No.: NA . .
Regulatory: USDEA Schedule I © .
E
Certified Concentration + associated uncertainty U,
Analyte

u=k*u (k=2)

para-Fluorobutyryl fentanyl-13C6 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACMDA.TE ’Wl December 09, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-066-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-066-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calculated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-066-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01031902 0.998 0.8

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: para-Fluorobutyryl fentanyl-*3Cg Chemical Formula: C173CgH2oN,OF
Material Lot: FC10151802 CAS Number: NA
Molecular Weight: 374.44
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.7% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.00% °C, vs 3Cq
0.00% 3C, 0.19% 3C,
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% *C, 4.05% 3Cs

0.00% 3G,

99.76% 3¢,

0.01% 3C;

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 2 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Below Quantitation Limit
Calculated Analyzed
54.53% 74.08%
Elemental Analysis Outsourced
7.81% 7.62%
7.48% 7.67%
Mass Balance Purity Factor 99.66%

1 0.05% Butyryl fentanyl and no Fentanyl or para-Fluorofentanyl detected by HPLC/UV analysis

2 Validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

DADY A, Sg-2104 Ref=of (004 BT-F3 RWF OT0 FCTOTE1802D)
mAU { 8
: o
%04 i
10
2
]
150
1004
504 |
1 N Q- I
! 2 &
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Certficate Page 6 of 11

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC10151802
Acquired: February 26, 2019
Peak # Ret Time Area %
1 4.73 0.01
2 4.85 0.01
3 4.95 0.04
4 4.98 0.05
5 5.07 99.62
6 5.39 0.02
7 5.47 0.01
8 5.53 0.01
9 5.84 0.05
10 5.90 0.03
11 6.06 0.15
12 6.15 0.01

Peak 4 is identified as Butyryl fentanyl

F-066-1ML
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Spectral and Physical Data (cont.)

GC/FID
FID1 A Front Signal (RWF-070 P GC 10 2016:02:27 13-36-34B-002-10-RUN-070 FC101516020) Column: DB-5ms, 30 m x 0.53 mm ID,
"] 8 1.5 pum film thickness
] ® Temp Program: 40°C to 200°C at 40°C/min
e 200°C to 300°C at 5°C/min
- hold 16 min
] Injector Temp: Cool-on-Column
0] Detector Temp: 325°C
1250 Sample Name: FC10151802
] Acquired: February 27, 2019
1000+
- Peak # Ret Time Area %
] 1 15.28 0.01
50 2 17.13 0.01
| 3 18.96 0.01
%0 SR N 4 19.47 0.01
0__\, 2 F BRA I KR | 5 19.89 99.74
‘ R — 6 20.37 0.01
! o 7 20.68 0.03
8 21.95 0.01
9 22.09 0.01
10 22.33 0.11
11 23.00 0.02
12 24.63 0.01
13 26.45 0.01
14 28.01 0.01
Residual Solvent Analysis by GC/FID Headspace
FIDTA, (008 RUF S0 FCTOTS 802 10 37mg D) Column: DB-ALC1 30 m x 0.53 mm,
Nom 1 3 pum film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
) Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
) Injector: Headspace Sampler
HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
“ Sample Name: FC10151802
Acquired: February 27, 2019
" Peak Compound Area Weight %
1 NMP NA NA
ol — Total ND
—_———————— — ND - None Detected
25 5 75 10 125 15 175 2 w!

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-066-1ML
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg

12.0

JQo2281906_PROTON-5 jaf
Signature: File is not signed, printed by sgiuffre{Cerilliant)
RMI—070_FC10151803 ]

10

1.0

100

9.0

298

abundance

>
-0.0037 —= ——
|
L
=]

1.8070

X : parts per Million : 1E
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Spectral and Physical Data (cont.)

LC/MS
Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 100-1000 amu
B: Acetonitrile Ionization: Electrospray, Negative Ion
Gradient: Time (min) %A %8B Instrument: Agilent 6410A
0.0 80 20 Mass Spectrometer
5.0 20 80 Acquired: February 26, 2019
6.0 20 80
7.0 80 20
11.0 80 20
%10 6 +ESI Scan (3.691-3.919 min, 45 Scans) Frag=80.0V A02261907.d
1] 375.2000
[M + H]*
0.8-
0.6-
0.41
0.2-
0 | ] | ] | | ] | | ] ] | | ] | | | |
100 150 200 250 300 350 400 450 500 3550 600 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 369-375 amu
B: Acetonitrile Ionization: Electrospray, Negative Ion

Gradient: Time (min) %A %B Instrument: Agilent 6410A

0.0 80 20 Mass Spectrometer

5.0 20 80 Acquired: February 26, 2019

6.0 20 80

7.0 80 20

11.0 80 20

6
X107 Led) (375.2000) SIM Frag=80.0v A02261914.d

4
¥0 7 Leg SIM(374.2000) SIM Frag=80.0V A02261914.d

m
hsd
5
[y -
R

3
X0 ke SIM(373.2000) SIM Frag=80.0v A02261914.d

2
H0 - kg SIM(372.2000) SIM Frag=80.0V A02261914.d

2
¥0 kg SIM(370.2000) SIM Frag=80.0 A02261914.d

2
X0 % LS SIN(371.2000) SIM Frag=80.0v A02261914.d ‘
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Counts vs. Acquisition Time (min)
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (F-048-0.5ML,
para-Fluorobutyryl fentanyl) is listed below.

Freezer -15°C
Refrigerator 4°C No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established for this product through real-time
stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 15, 2019 |Initial version.
A L T tabilit ta.
01 April 17, 2020 dded Long Term Stability data
Updated Retest Date of May 2020 to February 2021.
02 December 09, 2020 [Updated Retest Date of February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-066-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

para-Fluorofentanyl, Primary Measurement Standard
N-(4-Fluorophenyl)-N-[1-(2-phenylethyl)-4-piperidinyl]-propanamide; p-Fluoro fentanyl (p-FF);

4-Fluoro fentanyl (4-FF)

ISO 17034

Product No.: F-067-1ML
ISO/IEC 17025
Lot No.: FC12261801
Description of CRM: para-Fluorofentanyl in Methanol (Solution) 130713483
Retest Date: July 2022 See Section "Stability Assessment". ISO 14001
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 9001
Shipping: Ambient. See Section "Stability Assessment". o N
Chemical formula: Ca2H,7FN,0 Hsc\)l\N,Q 5
CAS No.: 90736-23-5
Regulatory: USDEA Schedule 1/9812 ©
F
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
para-Fluorofentanyl 1.000 + 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual solvents and
residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
= s
Aﬁﬁg % February 06, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Upr = 0.203% Uggss = 0L000%%

\\‘\ Chromatogr aphic purity

Solvent Addition Residual water analysis
Solution Densit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
. Mass measurement \\ g Y

Temperature

Instrumant tolarances

T
A@hmg technigques
/E:alara:a sensitreity & linearity

Balance selection,
qualfication, & minimum weights

Between Bottle
Homogeneaity
Uss = 0.07%

Primary Standard
Mominal Concentration
rel. up = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-067-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression
Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261801 1.009 0.8

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 9
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: para-Fluorofentanyl Chemical Formula: Cy,Hy7FN,O
Material Lot: FC10011802 CAS Number: 90736-23-5
Molecular Weight: 354.46
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.6% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.8% 2
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

Identity by 'H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 3 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 3 Below Quantitation Limit
Calculated | Analyzed
C 74.55% 74.38%
Elemental Analysis Outsourced
H 7.68% 7.58%
N 7.90% 8.00%
Mass Balance Purity Factor 99.64%

.

! No Fentanyl detected by HPLC/UV analysis.
20.02% Fentany! detected by GC/FID analysis.
3 Validated analytical method

The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
A secondary chromatographic purity method is utilized as a control.
Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-067-1ML
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Spectral and Physical Data

Column:
Mobile Phase:

Gradient:

Flow Rate:
Wavelength:

Sample Name:

Ascentis Express C18, 2.7 ym,
3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90

0.7 mL/min

210 nm

FC10011802

Acquired: December 05, 2018
Peak # Ret Time Area %
1 3.47 0.01
2 3.69 0.01
3 3.86 99.61
4 4.15 0.32
5 4.40 0.02
6 4.70 0.01
7 4.97 0.02
Column: DB-35ms, 30 m x 0.53 mm ID,

Temp Program:

Injector Temp

Detector Temp:

Sample Name:

1.0 pym film thickness

40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min
hold 16 min

: Cool-on-Column

325°C

FC10011802

HPLC/UV
DADA A, Sig=2104 Ref=off (004-P2-E2-RMIF-055 FE10011802.0)
mAl
o
0]
WCﬂ:
] HIEEEY
{3 T — i '?IY LAl ]
k T T T T T 1 1 T T
2 4 f § 10 m|!
GC/FID
FID2B, (RAF-035 P GC 6 20161204 K-8 3B-002-2RIF035 FC0011802D)
] r
o)
o
0
4
1300
M- ‘
i Py
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¢ 0@ g
r r N
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Acquired: December 04, 2018
Peak # Ret Time Area %

1 16.53 0.05

2 19.65 0.01

3 20.18 99.78

4 20.60 0.01

5 20.74 0.02

6 24.28 0.14

Peak #5 has been identified as Fentanyl
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIOTA. [F-00Z-ZZ0F %5 FCTO0TIGLZ8 1] Column: DB-ALC1 30 m x 0.53 mm,
el 3 um film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
40+ Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
] Injector: Headspace Sampler
HS Oven Temp: 60°C
] Vial Equilibration: 10 minutes
Sample Name: FC10011802
100 Acquired: December 06, 2018
1 Peak Compound Area Weight %
’l 1 NMP NA NA
T R R AR AT AT SRR AT Y Total ND
ND - None Detected
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
= E‘ ‘:"::’;;’:::g;;;ﬁ petated by ,g,-rr: (Cerillianty
-] H =
1 SEENE EENE
E E | ﬁ i Vo
N S AUAVLE, Ju W
VN ' A TAR A A
To28s £gd FhEIzRs 32ILBsSERE gL
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 05, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10

RIF-055 FC100L1802 para-Fluorofentany Cone Voltage: 15,00000000

1004 Theoretical [M + H]*: 355.2186
| Found [M + H]*: 355.2171

20

62200

' 312062
0 HH‘HH‘HH‘H\\‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘\\H‘HH‘HH‘HH mlz

W N W W W Wm M W 10
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 30 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 January 21, 2019 [Initial version.
01 June 03, 2019 Corrected the spelling of the analyte name throughout the certificate
02 February 06, 2020 |Updated Retest Date of March 2020 to July 2022.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-067-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

para-FIuorofentanyI-l3C6, Primary Measurement Standard
N-(4-Fluorophenyl)-N-[1-(2-phenylethyl)-4-piperidinylJpropenamide- B3¢ 6

Product No.: F-068-1ML
Lot No.: FC01141904

A 13~ . ) ISO 17034
Description of CRM: para-Fluorofentanyl-""Cg in Methanol (Solution)
Retest Date: November 2021 See Section "Stability Assessment”. Hlelze bk
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 13485
Shipping: Ambient. See Section "Stability Assessment". I1SO 14001
Chemical formula: C1613C6H27N20F ISO 9001
CAS No.: NA
Regulatory: USDEA Schedule I

Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
para-Fluorofentanyl-3Cg 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACM‘DA.TE ’Wl December 10, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.2 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141904 1.000 0.4

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certificate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: para-Fluorofentanyl-*3Cq Chemical Formula: C16'3CgHo,N,OF
Material Lot: FC10151801 CAS Number: NA
Molecular Weight: 360.42

Material Characterization Summary

Analytical Test Method Results

Prlmary Chromatographic Purity by HPLC/UV SP10-0102 98.4%

Analysis

Seconc_lary Chromatographic Purity by GC/FID SP10-0101 98.7%

Analysis

Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.00% '3C, vs 3Cq

0.00% 3C, to *C;| 2.80% °C

Isotopic Purity and Distribution by LC/MS SIM ° 0 ! ° >
Analvsis SP10-0107

y 0.03% 3¢, to 13C,| 97.05% 3¢,

0.09% 3¢,

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected
Residual Water Analysis by Karl Fischer Coulomet AM1346 * Not Detected
Mass Balance Purity Factor 98.45%

! validated analytical method

¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢+ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

* A secondary chromatographic purity method is utilized as a control.

¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].

* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Spectral and Physical Data

HPLC/UV

mAU *

w-
zso—:
209—:
-

100-

DAD1 A, Sig=2104 Ref=cff (011-P1-DE-RMF-07% FC1015°801.0)

T

Column:

Mobile Phase:

Gradient:

Flow Rate:
Wavelength:

Sample Name:

Ascentis Express Phenyl-Hexyl,

2.7 um, 3.0 x 100 mm
A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Time (min) % A % B

0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90

0.7 mL/min

210 nm

FC10151801

February 11, 2019

Peak # Ret Time Area %

Certificate Page 6 of 11

Acquired:
\
SERIET

I ; g—‘?‘%ﬁ’@ S - ;
T 3
T — 4
5

6

7

8

9

10

11

12

13

3.41 0.01
4.22 0.01
4.74 0.03
5.00 98.49
5.35 0.09
5.44 0.68
5.55 0.01
5.63 0.01
5.91 0.03
5.99 0.11
6.12 0.47
6.20 0.01
6.30 0.05
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Spectral and Physical Data (cont.)

GC/FID
FIDT A, Front S gnal (RMF-071 P GC 0 2015-02-12 1648- 66-002-3-RIF-071 FC101518010) Column: DB-5ms, 30 m x 0.53 mm ID,

1.5 pum film thickness
Temp Program: 40°C to 200°C at 40°C/min
: 200°C to 300°C at 5°C/min
- hold 16 min
: Injector Temp: Cool-on-Column
- Detector Temp: 325°C

pAC

19.030

-

- Sample Name: FC10151801
m; Acquired: February 12, 2019
- Peak # Ret Time Area %
: 1 7.95 0.00
100 2 8.78 0.00
: 3 8.91 0.00
m- . 539k oy 4 15.77 0.03
. EHHEWW : 5 15.87 0.01
6 15.99 0.01
AT T T T 7 16.66 0.01
8 17.45 0.02
9 18.24 0.00
10 19.03 98.65
11 19.29 0.01
12 19.47 0.01
13 20.10 0.00
14 20.29 0.01
15 20.39 0.00
16 20.70 0.02
17 21.10 0.12
18 21.24 0.08
19 21.49 0.34
20 21.70 0.00
21 22.16 0.02
22 22.59 0.00
23 22.98 0.58
24 23.25 0.01
25 24.04 0.01
26 25.26 0.02
27 25.45 0.01
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

N

FID1 A, {F-002-20-RMF-071 FC10151801 8.78mg D)

om. ~

00~
400-
00-

200-

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10151801

Acquired: February 14, 2019
100-
) Peak Compound Area Weight %
- 1 NMP NA NA
- - —— " ——{ Total ND
———————— ND - None Detected
0 25 5 75 10 125 1 75 20 m
T —————————
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
2 ‘ ) "
£ WARAS M
= N L WA L
%.0 8.0 2” '-.HI 6.0 5.0 A 4.0 l\ )[U\
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %B Acquired: February 11, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMF-071 FC10151801 4-Fluoro fentanyl-13C6 Cone Voltage: 10.00000000]
W02111911 457 (1.728) Cm (455:464) 1. TOF MSES+
00, 361.2399 64365
| Theoretical [M + H]*: 361.2387
Found [M + H]*: 361.2399
¢
362.2447
| 360.2383
N A s LR e m L A S R e A A A A nen RAARERRaAY AR R naRR /4
100 200 30 400 500 600 700 800 90 1000 1100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS

Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 355-361 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: February 11, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMF-071 FC10151801 4-Fluoro fentanyl-13C6 Cone Voltage: 10.00000000
W02111911 Sm (Mn, 2x2) 1: TOF MS ES+
1004 3154 361.24 0.0500Da
1 7.53e4
= Area
0: UL S B I UL L UL IR U A L AL B I IR I IR U L L L S L L L B I UL L R
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
WO02111911 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 91 360.237 0.0500Da
] 2.07e3
o\oj & Area
0: T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W02111911 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 3 359.234 0.0500Da
] 54.7
* ﬁA »ﬂ AJ\ ﬂ WM\_M "
0: ‘\‘H‘\H‘w"H\HH\HH\A‘HWH‘/\‘MH\ T H\HH\HH\A‘HW‘/\‘/‘\A\AH\HH\HH\HHHHH‘w"‘wH"\H‘w"‘w"H\HH\HHA\HH\HHH‘L
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
WO02111911 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 1 358.231 0.0500Da
] 36.9
o\oj /\k Area
0: T T T T T T T T T T /\\_/\/\\ T T T /\\/\ T }\—\A\—A_A \ﬁ_/\\_/l T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W02111911 Sm (Mn, 2x2) 1: TOF MS ES+
1004 1 357.228 0.0500Da
] 25.2
o\cj /k A Area
0E AR R R R RN RN AR w‘”w/\”/\\”‘w H/\\H“Aw/‘\ \A T ‘\‘A‘/\H\HHHHHHMH\HH\MMH"A"\HH\HH\HH\HHML
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W02111911 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 356.225 0.0500Da
] 24 .4
o\oé Area
GE T T T \A T T CA)\ T T /\\ T T T T T l\ T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W02111911 Sm (Mn, 2x2) 1: TOF MS ES+
100+ o 355.222 0.0500Da
] 12.8
" A ﬂ A | MJLAJM -
0: RSN ESRRA REEAN SRR “\““\““\“‘f\\““\“‘\/\“\“‘\ H\‘H\f\””w”\ /\w‘”\ “/\HHH‘w‘H‘\HH\HH\HH\HH\ T T T I T T — Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (F-049-0.5ML,
para-Fluorofentanyl) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 13, 2019 |Initial version.
Updated Retest Date of May 2020 to February 2021.
01 April 17, 2020 |2 Y ey
Added Long Term Stability data.
02 December 10, 2020 [Updated Retest Date of February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-068-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis
Fentanyl-1>Cg, Primary Measurement Standard

N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]Jpropenamide- B¢ 6 ISO 17034
Product No.: F-069-1ML ISO/IEC 17025
Lot No.: FC01071903 ISO 13485
Description of CRM: Fentanyl-13C6 in Methanol (Solution)
. . ISO 14001
Retest Date: October 2021 See Section "Stability Assessment”.
Storage: Store unopened in freezer (-10 °C to -25 °C). D
Shipping: Ship Ambient. See Section "Stability Assessment". o N
Chemical formula: C163CgH2gN50 H3C\)J\N/© }
CAS No.: NA *
Regulatory: USDEA Schedule 11/9801 *©*
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Fentanyl-13Cg 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

@ )
AMAB ’W October 27, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-069-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-069-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01071903 0.994 0.7

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: Fentanyl-3Cq Chemical Formula: C16CgH25N50
Material Lot: FC10091801 CAS Number: NA
Molecular Weight: 342.43
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.2% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 98.8% 2
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.00% 3C, vs 3Cq
0.00% 3C, 0.05% °C,
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% 3¢, 3.09% '3C;

0.00% 3G,

96.86% 3C,

0.00% 3C;

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 3 0.12%
Residual Water Analysis by Karl Fischer Coulometry AM1346 3 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.08%

! No 4-ANPP-3C¢ detected by HPLC/UV analysis.
2.0.01% 4-ANPP-3C, detected by GC/FID analysis.
3 Validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

X Chromatographic Purity/100].

¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

HPLC/UV
5RO A, Sg=2104 Re-of (00-P2-CERNF 363 FCTO09T801 D) Column: Ascentis Express C18, 2.7 um,
" § 3.0 x 100 mm
Mobile Phase: A: Acetonitrile
™ B: 0.1% Phosphoric acid in Water
Gradient: Time (min) % A % B
40 0.0 10 90
8.0 70 30
w0l 10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
) Wavelength: 210 nm
100 Sample Name: FC10091801
R Acquired: December 19, 2018
§ % BEes H
‘ AR Y, — .
o o o - o o Peak # Ret Time Area %
w 1 2.27 0.01
2 3.06 0.28
3 3.71 99.20
4 4.01 0.05
5 4.07 0.01
6 4.13 0.02
7 4.28 0.01
8 4.31 0.02
9 4.39 0.01
10 4.45 0.01
11 4.57 0.09
12 4.74 0.14
13 4.91 0.01
14 5.14 0.01
15 6.79 0.11
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-069-1ML

Certficate Page 6 of 11 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Spectral and Physical Data (cont.)

GC/FID

Certficate Page 7 of 11
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N
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Column:

Temp Program:

Injector Temp:
Detector Temp:

Sample Name:

DB-5ms, 30 m x 0.53 mm ID,

1.5 pum film thickness
40°C to 200°C at 40°C/min

200°C to 300°C at 5°C/min
hold 16 min

325°C

Cool-on-Column

FC10091801

Acquired: December 17, 2018
Peak # Ret Time Area %
1 4.87 0.00
2 4.96 0.00
3 5.09 0.01
4 5.44 0.02
5 7.64 0.01
6 8.20 0.02
7 8.25 0.02
8 8.67 0.63
9 9.36 0.00
10 10.59 0.03
11 12.54 0.06
12 13.37 0.02
13 13.78 0.00
14 14.32 0.01
15 14.88 0.00
16 15.08 0.01
17 15.26 0.01
18 15.64 0.01
19 15.82 0.00
20 15.93 0.00
21 17.85 0.00
22 18.19 0.00
23 18.97 98.85
24 19.74 0.01
25 20.16 0.02
26 20.66 0.09
27 21.17 0.14
28 21.65 0.00
29 22.40 0.02
30 23.15 0.01
31 24.80 0.01

Peak #17 has been identified as 4-ANPP-°Cg

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FDTA, (02 DRVF 53 FC T3 807 B 6mgD) Column: DB-ALC1 30 m x 0.53 mm,
Hom. 1 3 ym film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
0] Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
07 Injector: Headspace Sampler
HS Oven Temp: 60°C
" Vial Equilibration: 10 minutes
: Sample Name: FC10091801
] £ Acquired: December 19, 2018
4 . Peak Compound Area Weight %
. 5 - 1 Ethyl ether 222.75 0.12
R N A N A T P ™ 2 NMP NA NA
| Total 0.12
'H NMR Instrument: JEOL ECS 400
Solvent: Chloroform-D
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Spectral and Physical Data (cont.)

LC/MS

Column:

Ascentis Express C18, 2.7 um,
3.0 x 50 mm

Flow Rate: 0.4 mL/min
Scan Range: 100-1200 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: December 17, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMF-069 FC10091801 Fentanyl-13C6 Cone Voltage: 15.00000000)
12171840 682 (2650) Cm (678690) 1. TOF NS ES+
1004 332470 1.50¢7
| Theoretical [M + H]*: 343.2481
Found [M + H]*: 343.2470
y
3442097
, 2243
345.2538
0 A R N R N L N R N R N R R R R R R R AR R m/Z
100 200 30 400 all 600 10 800 900 1000 100
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-069-1ML
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 337-343 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: December 17, 2018
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMF-069 FC10091801 Fentanyl-13C6 Cone Voltage: 15.00000000
W12171840 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 76029 343.247 0.0500Da
] }\ 1.37e6
=] Area
O: T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W12171840 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 2429 342.241 0.0500Da
] 4.66e4
=] Area
0: T T T T T T T T T T
1.00 2.00 4.00 5.00 6.00 7.00
W12171840 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 341.234 0.0500Da
] 571
D\e, Area
O: T T T T T T T T

1004
=]

ol !

1.00
W12171840 Sm (Mn, 2x2)

1: TOF MS ES+
340.228 0.0500Da
42.8

Area

1.00
1004
=<

ol

W 12171840 Sm (Mn, 2x2)

1: TOF MS ES+
339.222 0.0500Da
36

b b RMM\AMMM/\AWMMMMMAMAA (1 - "

100+

100
W12171840 Sm (Mn, 2x2)

ES
ol

2.00 3.00 4.00 5.00 6.00 7.00
1: TOF MS ES+
338.216 0.0500Da

2
28.7
Area
- /\ﬂ\ﬂ o M_MMUMMMMNWW A A

T
1.00

2.00 3.00 4.00 5.00 6.00 7.00
W12171840 Sm (Mn, 2x2) 1: TOF MS ES+
1005 2 337.209 0.0500Da
] 55.6
)] ; N prern A N e
LR N LA L A A O L B A L L B
1.00 2.00 3.00 4.00 5.00 6.00 7.00
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (F-013,
Fentanyl) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established for a related product (F-013,
Fentanyl) through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 05, 2019 |Initial version.
01 March 24, 2020 |Updated Retest Date of April 2020 to January 2021.
02 October 27, 2020 |Updated Retest Date of January 2021 to October 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, F-069-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

(£)-beta-Hydroxythiofentanyl, Primary Measurement Standard
(£)-N-[1-[2-Hydroxy-2-(2-thienyl)ethyl]-4-piperidinyl]-N-phenyl-propanamide HCI; beta-Hydroxythio fentanyl;
b-Hydroxythio fentanyl; B-Hydroxythiofentanyl; (x)-b-Hydroxythiofentanyl HCI; (*)-B-Hydroxythiofentanyl HC/

Product No.:
Lot No.:
Description of CRM:

Retest Date:
Storage:
Shipping:
Chemical formula:
CAS No.:
Regulatory:

H-137-1ML
FC12261806
(£)-beta-Hydroxythiofentanyl HCI in Methanol (Solution)

ISO 17034

ISO/IEC 17025
Nominal concentration is adjusted for HCI content.

ISO 13485
November 2021 See Section "Stability Assessment". F
Store unopened in freezer (-10 °C to -25 °C).
Ship cold. See Section "Stability Assessment". B0 ol

CaoH26N20,S  HCI @
(e} N
NA HchLN/Q OH
USDEA Schedule I
-HCI

Analyte

Certified Concentration * associated uncertainty U,
u=k*u (k=2)

(+)-beta-Hydroxythiofentanyl 1.000 + 0.006 mg/mL

Metrological traceability:

Measurement method:

Intended use:

Minimum sample size:

Instructions for
handling and correct
use:

Health and safety
information:

Accreditation:

Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 2.

The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

1 uL for quantitative applications

Concentration is corrected for chromatographic purity, residual water, residual
solvents and residual inorganics. No adjustment required before use.

Users should quantitatively transfer desired volume using established good
laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.

Nominal concentration is adjusted for HCI content. No adjustment required
before use.

Danger. Please refer to the Safety Data Sheet for detailed information about
the nature of any hazard and appropriate precautions to be taken.

Cerilliant Corp. is accredited by the US accreditation authority ANAB as
registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d <
ANMAB W December 15, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-137-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-137-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:

HPLC/UV

Calibration Curve

Calibration Curve: Linear Regression

Column: Ascentis Express C18, 2.7 um, 3.0 x 100 mm |Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261806 1.003 0.7

¢ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

* Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 9

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974

H-137-1ML
Revision 02




Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: (£)-beta-Hydroxythiofentanyl HCI Molecular Weight (base): 358.50
Material Lot: FC10291802 Molecular Weight (salt): 394.96
Chemical Formula: Ca0H26N20,S o HCI Salt Adjustment: 1.102
CAS Number: NA
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.5% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 98.2%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 2 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
C 60.82% 60.77%
Elemental Analysis Outsourced
H 6.89% 6.84%
N 7.09% 7.22%
Mass Balance Purity Factor 99.51%

1 0.05% Norfentanyl detected by HPLC/UV analysis.
2 Validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-137-1ML
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Spectral and Physical Data

mAU

350

100+

HPLC/UV
DAD1 A, =210 Ref=af 0T1-PT-D5-RNF-190 FCTUZ9TEALD) Column: Ascentis Express Phenyl-Hexyl,
§ 2.7 ym, 3.0 x 100 mm
1 Mobile Phase: A: Acetonitrile
| B: 0.1% Phosphoric acid in Water
ol ‘ Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
o | 10.0 70 30
10.1 10 90
oy | Flow Rate: 0.7 mL/min
Wavelength: 210 nm
150+
Sample Name: FC10291802
Acquired: January 14, 2019
50 ‘ Peak # Ret Time Area %
s 5 B g 1 2.79 0.05
PSP B N A e 2 3.53 0.01
‘ - — — — — 3 4.04 99.63
—_———————————————————— 4 4.33 0.23
5 4.40 0.02
6 4.46 0.02
7 5.03 0.02
8 7.10 0.02
9 7.80 0.01

Peak #1 has been identified as Norfentanyl

GC/FID
D28, [RURH190F OB 01007 125 BUE TR SO FOITESIENLD) Column: DB-35ms, 30 m x 0.53 mm ID,
" , 1.0 um film thickness
T Temp Program: 60°C to 300°C at 20°C/min
i r hold 27 min
y Injector Temp: Cool-on-Column
] Detector Temp: 325°C
a Sample Name: FC10291802
Acquired: January 17, 2019
. Peak # Ret Time Area %
o 1 10.23 0.01
2 12.50 0.03
ol | 0 8 @ 3 12.56 0.05
\ o \ﬁ 4 17.12 98.16
He—_—t - 5 17.68 0.93
N LA L 6 18.13 0.82
| 5 1] 13 Ji % Bl ¥ i
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1 A, (F-002-14-RNH-190 FC102618028.18mg.0)

oA~
500-

400~
300-

200-

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,
3 um film thickness

40°C (12 min) to 220°C at
40°C/min (5.5 min)
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10291802

- Acquired: January 15, 2019
Peak Compound Area Weight %
o - ] 1 NMP NA NA
0 2‘.5 l 75 10 12‘5 1‘5 17‘5 2‘0 mi TOta I N D
g | ND - None Detected
'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
e o o, pinced by giufve (Corilliano =
= § ;gr'
E |
E s E: ERE
;i =] ‘I‘I| | | ﬂl LI‘M’H §
= ' - - I N -
' ' ' ' A A Tk A N AR | N
X : parts per Million : 1H
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-137-1ML
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 pm, 3.0 x 50 mm Flow Rate:
Mobile Phase: A: 0.1% Formic acid in Water Scan Range:
B: Acetonitrile Ionization:
Gradient: Time (min) %A %8B Instrument:
0.0 80 20 Acquired:
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20

0.4 mL/min

100-1200 amu
Electrospray, Positive Ion
Waters XEVO G2 QTOF
January 14, 2019

RI-190 FC10291802

100,

e |

INOHA1S16.341 {1274 C (3440

bt

e

(£ beta-Hydroxythiofentany! HC!

Al

Theoretical [M + H]*: 359.1793
Found [M + H]*: 359.1776

01807
311780

Cong Voltage: 18.00000000

{: TOF NS ESt
2950
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Ship cold.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 February 22, 2019 [Initial version.
01 March 18, 2020 Revised Retest Date frc.Jr.n April .2020 to February 2021.
Added Long Term Stability section.
02 December 15, 2020 [Revised Retest Date from February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-137-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

(£)-beta-Hydroxythiofenta nyI-13C€> , Primary Measurement Standard
(£)-N-[1-[2-Hydroxy-2-(2-thienyl)ethyl]-4-piperidinyl]-N-phenyl-propanamide- 13 Ce HCI
Product No.: H-138-1ML
Lot No.: FC12261809

Description of CRM: (%)-beta-Hydroxythiofentanyl-'>C4 HCI in Methanol (Solution) e
Nominal concentration is adjusted for HCI content. ISO/EC 17023

Retest Date: November 2021 See Section "Stability Assessment". e

Storage: Store unopened in freezer (-10 °C to -25 °C). 013001

Shipping: Ambient See Section "Stability Assessment". 1SO 9001

Chemical formula: C1433CeH6N,0,S o HCI Q ,YQ

CAS No.: NA Hac\/'L

Regulatory: USDEA Schedule I @ "

*

Certified Concentration + associated uncertainty U,

Analyte u=k*u (k=2)

(£)-beta-Hydroxythiofentanyl-'*C; |[1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual solvents and
handling and correct residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
/& e
A:ﬁDA.TEBD % December 04, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-138-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Upr = 0.203% Uggss = 0L000%%

\\‘\ Chromatogr aphic purity

Solvent Addition Residual water analysis
Solution Densit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
. Mass measurement \\ g Y

Temperature

Instrumant tolarances

T
A@hmg technigques
/E:alara:a sensitreity & linearity

Balance selection,
qualfication, & minimum weights

Between Bottle
Homogeneaity
Uss = 0.07%

Primary Standard
Mominal Concentration
rel. up = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-138-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
* Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-138-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression
Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.0 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261809 1.008 0.5

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certificate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: (i)-beta-HydroxythiofentanyI-13C6 HCI Molecular Weight (base): 364.45
Material Lot: FC10291801 Molecular Weight (salt): 400.91
Chemical Formula: C1413C6H26N2025 e HCI Salt Adjustment: 1.100
CAS Number: NA
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 98.7% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 98.9%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.01% 3Cq vs Cq
0.01% 3¢, 0.03% ¢,
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.01% 3¢, 2.03% ¢

0.00% '3c,

97.91% 3Cq

Identity by 'H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 ? 0.31%
Residual Water Analysis by Karl Fischer Coulometry AM1346 ° Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
41.94% 59.77%
Elemental Analysis Outsourced
6.79% 6.65%
N 6.99% 7.08%
Mass Balance Purity Factor 98.40%

1 0.03% Norfentanyl-3C¢ was detected by HPLC/UV analysis.
2 Validated analytical method
¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
* A secondary chromatographic purity method is utilized as a control.
¢ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
* Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

HPLC/UV

DAD? A, Sig=210.4 Ref=off (004-P1-C2-RNH-286 FCI0291801 D
mAl
4001

—5.306

[7.020

Column:

Mobile Phase:

Gradient:

Flow Rate:
Wavelength:

Sample Name:

Ascentis Express C18, 2.7 ym,
3.0 x 100 mm
A: Acetonitrile
B: 0.1% Phosphoric acid in Water

Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90

0.7 mL/min

210 nm

FC10291801

oage
@
E1lh 1N
MR i b A
PR

J=2.481
Is.a7a
15718

5.900

2 4

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,

Certificate Page 6 of 11

Acquired: February 06, 2019

g Peak # Ret Time Area %
: - 1 2.48 0.03
' | 2 3.40 98.64
: B o 3 3.64 0.63
4 3.74 0.04
5 3.89 0.05
6 4.05 0.02
7 4.21 0.21
8 4.33 0.02
9 4.38 0.05
10 4.54 0.01
11 4.59 0.13
12 4.77 0.03
13 4.92 0.02
14 5.47 0.02
15 5.72 0.02
16 5.90 0.01
17 7.02 0.02
18 7.27 0.04

Peak #1 has been identified as Norfentanyl-3Cq.
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Spectral and Physical Data

(cont.)

GC/FID
T RPNV BRI Column: DB-35ms, 30 m x 0.53 mm ID,
) 1.0 ym film thickness
i Temp Program: 40°C to 200°C at 40°C/min
mj_' 200°C to 300°C at 5°C/min
] " hold 16 min
R r Injector Temp: Cool-on-Column
W i Detector Temp: 325°C
] l
- Sample Name:  FC10291801
1 Acquired: January 31, 2019
-
] Peak # Ret Time Area %
!m_ 1 4.08 0.01
- ) o 2 17.41 0.05
] 0 v & 3 24.91 98.88
- k i c
0 N g 4 25.51 0.91
v T L 5 26.05 0.16
| ) f i | b ) ¥ mi!

Residual Solvent Analysis by GC/FID Headspace

FID1 A, (F-002-38-RH-265 FC10291801 10.51mg D)

Norm. 1
5004

4004

3004

1004

5 6.212 - Ethanol
7.810 - Ethyl Ether

Column:
Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 pum film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10291801

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Acquired: January 23, 2019
Peak Compound Area Weight %
1 Ethanol 28.36 0.24
2 Ethyl Ether 179.25 0.08
3 NMP NA NA
Total 0.31
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Spectral and Physical Data (cont.)

1H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
1241905 PROTON—7 jdf
— R it s printed by sginffre (Ceniliant) g
E ‘ ‘ .
* = ". 2 g = H
= | |ln| | = = = “ ﬁ“
é == \ ‘IHI‘M M | ﬁ ‘ | t| | }H, ‘
= Y - |
H - Y L J l\d' ' u | I | | \ o |
B CINIA IR ) N /[ .\ [ ’
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A %8B Acquired: January 31, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMH-266 FC10291801 (£}-beta-Hydroxythiofentanyl- 13C6 HCI Cone Violtage: 1000000000
WO1311921 332 (1.242) Cm (33L:337) 1: TOFMSES+
365.1997 1.70e6
100- Theoretical [M + H]*: 365.1995
’ Found [M + H]*: 365.1997
g|
366.2032
| 364.1983
e e e e e e i
100 200 300 400 500 600 100 800 90 1000 1100

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-138-1ML
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS

Column:

3.0 x 50 mm

Ascentis Express C18, 2.7 um,

Flow Rate:
Scan Range:

0.4 mL/min
359-365 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: January 31, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMH-266 FC10291801 (x)-beta-Hydroxythiofentanyl- 13C6 HCI Cone Voltage: 10.00000000}
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 14590 365.2 0.0500Da
1 2.47e5
=] Area
O T T T T T T T T T T T T T [ [ T e
050 1.00 150 200 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 303 364.197 0.0500Da
1 4.80e3
] Area
0:Hw‘H\HH\HH\HH\HH\HHWH\HH RAEBRRARABRERR T T T L R R R RN A RN AR RN R RSN R
050 1.00 150 200 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100 363.194 0.0500Da
] 1.97e3
] Area
OE 4
L R R R R R R RN AN RN RN RN R T L R R R R LR R R R S R RS RN AN RN
050 1.00 150 200 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100 362.191 0.0500Da
1 717
O\O{ 1 Area
O e e ”‘\”‘\”‘Aw”” \A—\'\‘A R R R R R R R R R RN RN RN R
050 1.00 150 2.00 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
1004 361.188 0.0500Da
1 29.8
] /J\'\ Area
1 0
07HWHW‘HWH\HHA\/\WA‘WHMA‘AHMAH““A\AH‘\‘A‘H\AHA“ Hw‘/‘\‘ AN H‘\H‘/‘\(\K‘/\HA‘A\‘OHMA“‘\H“AMAHWH\Hw{‘k” RN RN RN AR AR
050 1.00 150 2.00 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100- 360.185 0.0500Da
1 37.6
] 1 (\ J\ ﬂ Area
0:‘Hw‘H\HH\HHMWJ\V\]WWHWH\HH “\“‘\“‘\/‘L“‘\““\““\““\“““‘\“‘ )\/‘\\““\““/\\“A‘\ H\HH\I‘\HA‘WHA\HH\HH\HHWHWH
050 1.00 150 200 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
W01311921 Sm (Mn, 2x2) 1: TOF MS ES+
100 2 359.182 0.0500Da
24.9
m X Area
0 Time
050 1.00 150 2.00 250 3.00 350 4.00 450 500 550 6.00 650 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (H-130-0.5ML,
(£)-beta-Hydroxythiofentanyl HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C ) )
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 20 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 14, 2019 |Initial version.
01 April 03, 2019 Corrected the product number in the footer of the certificate.
ted Retest Date of May 2020 to F 2021.
02 April 17, 2020 Updated Retes aeo” ay 2020 to February 20
Added Long Term Stability data.
03 December 04, 2020 [Updated Retest Date of February 2021 to November 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, H-138-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Methoxyacetyl fentanyl , Primary Measurement Standard
2-Methoxy-N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl] acetamine HC/

Product No.: M-220-1ML SO 17034
Lot No.: FC01031901
Description of CRM: Methoxyacetyl fentanyl HCI in Methanol (Solution) DA s
Nominal concentration is adjusted for HCI content. L0 1389
Retest Date: December 2021 See Section "Stability Assessment". el
Storage: Store unopened in freezer (-10 °C to -25 °C). 150 9001
Shipping: Ambient. See Section "Stability Assessment".
Chemical formula: Cy,H5gN>0, @ HCI o) O
CAS No.: 101365-54-2 Hco. I Ej
Regulatory: USDEA Schedule I
@ “HCl
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Methoxyacetyl fentanyl 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability" on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents, and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACMDA.TE ’Wl December 30, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0,203% Upses = 0.000%

\\ Chromatographic purity

Sobrent Addition Residual water analysis
Solution Density \\\
Uy = 0.000577 g/mL Residual solvent analysis

Inorganic contemt analysis
\.\ Mass measuramant \ g i

Temperature

Instrumant tolerances

T
A’lghmg techniques
/’;Iance sansitivity & linearity

Balance selection,
quabfication, & manimum weights

Between Bottle
Homogeneaity
Ugp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%
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Details on metrological traceability:
¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢+ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express C18, 2.7 pm, 3.0 x 100 mm |Number of Points: 4
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(25:75)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC01031901 0.996 0.7

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

*+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: Methoxyacetyl fentanyl HCI Molecular Weight (base): 352.47
Material Lot: FC10161802 Molecular Weight (salt): 388.93
Chemical Formula: Cy2H28N,0, o HCI Salt Adjustment: 1.103
CAS Number: 101365-54-2
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.4% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.3% 2
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 3 0.53%
Residual Water Analysis by Karl Fischer Coulometry AM1346 3 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.90%

10.15% 4-ANPP detected by HPLC/UV analysis; no Fentanyl detected.
2 0.17% 4-ANPP detected by GC/FID analysis; no Fentanyl detected.
3 Validated analytical method
* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢+ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].
¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Spectral and Physical Data

4004

200

HPLC/UV
DAD1 A, Sg=2104 Refzo (D12 1-CORUNIZG3 FCIUTBIE02.D) Column: Ascentis Express Phenyl-Hexyl,
] 3 2.7 ym, 3.0 x 100 mm
f Mobile Phase: A: Acetonitrile
‘ B: 0.1% Phosphoric acid in Water
Gradient: Time (min) % A % B
0.0 10 90
‘ 8.0 70 30
] | 10.0 70 30
o 10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
\ Sample Name: FC10161802
Acquired: February 07, 2019
"l | Peak # Ret Time Area %
| 1 2.89 0.05
ﬁj\;&% 2 3.36 0.01
e AR — | 3 3.56 0.01
I ] ; 1 p p 4 3.65 99.45
5 3.97 0.15
6 4.11 0.02
7 4.17 0.02
8 4.49 0.04
9 4.56 0.01
10 4.63 0.20
11 4.85 0.00
12 4.97 0.01
13 5.40 0.03
14 5.64 0.01
Peak 5 has been identified as 4-ANPP
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Spectral and Physical Data (cont.)

GC/FID
FID1 A, Front Signal (RMM-203 P GC 10 2016-02-12 02-57-3918-002-6-RMM-203 FC10161802.0) Column: DB-5ms, 30 m x 0.53 mm ID,
] 1.5 ym film thickness
40°C to 200°C at 40°C/min
0] 3 Temp Program:
8 200°C to 300°C at 5°C/min hold 16 min
0] Injector Temp: Cool-on-Column
Detector Temp: 325°C
1250
Sample Name: FC10161802
1000 Acquired: February 12, 2019
750 Peak # Ret Time Area %
1 10.66 0.07
50 2 13.71 0.01
3 15.75 0.17
bl I T, 4 18.73 0.01
M A R 5 21.08 99.30
4 R B e S L 6 21.52 0.06
- 5“ 10‘”‘15” ‘20““25 - 30‘” 35‘ ‘mi 7 21.64 0.04
9 22.38 0.02
10 23.85 0.26
11 26.29 0.02
12 27.69 0.02

Certficate Page 7 of 10

Peak 3 has been identified as 4-ANPP
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (F-002-24-RIN-203 FC10161302 12.80mg.D)

Norm. =

50-
40-
-

M-

Column:
Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 gm film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10161802

: Acquired: February 14, 2019
- 13
: o Peak Compound Area Weight %
, ; ! 1 Dichloromethane 57.13 0.53
5 — — ] 2 NMP NA NA
i T T T T T T T Total 0.53
0 25 5 15 10 125 15 175 2 n
'H NMR Instrument: JEOL ECS 400
Solvent: DMSO0-Dg
e D Lo it printed by seiwstre (Certiiant 5

RAIAM—203_FC10161802

X1

abundance
Lo

6,95

441

19

X - parts per Million - 1H

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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Spectral and Physical Data (cont.)

LC/MS

Column: Ascentis Express C18, 2.7 um,

3.0 x 50 mm

Mobile Phase:

B: Acetonitrile

A: 0.1% Formic acid in Water

Gradient: Time (min) % A % B
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10

Flow Rate:

Scan Range:

Ionization:

Instrument:

Acquired:

0.4 mL/min

100-1200 amu
Electrospray, Positive Ion
Waters XEVO G2 QTOF
February 11, 2019

Methoryacetyl fentanyl HCI

Cone Volage: 000000000

WO2411905 616 (2322) Cm (616:623) {: TOF MSESt
100+ BN Theoretical [M + H]*: 353.2229 410
1 Found [M + H]*: 353.2224
.
2004
32 1054373
0 ARRN AR RN RN RN R LR R LR RN AN RN RN RN EA RN RN ERRAN RARRN RARANARRN AR RARN m/Z
m 20 W L N 0 MM W N 000100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C ) .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 19, 2019 Initial version.
01 April 29, 2020 Revised Retest Date ME.]Y 2020 Fo March 2021.
Added Long Term Stability Section.
02 December 30, 2020 |Revised Retest Date March 2021 to December 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-220-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Methoxyacetyl fentanyl-*C , Primary Measurement Standard
2-Methoxy-N-phenyl-N-[1-(2-phenylethyl)-4-piperidiny!] acetamine- B¢ ¢ HCI

Product No.: M-221-1ML e
Lot No.: FC01141901
Description of CRM: Methoxyacetyl fentanyl-*3C¢ HCI in Methanol (Solution) ROEe 0

Nominal concentration is adjusted for HCI content. MO ety
Retest Date: December 2021 See Section "Stability Assessment". B0 ade
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 9001
Shipping: Ambient. See Section "Stability Assessment". o N
Chemical formula: C163CgH,5N,0,  HCI HSCO\)J\N/Q
CAS No.: NA -
Regulatory: USDEA Schedule I ©

* «HCI
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
Methoxyacetyl fentanyl-'3Cg4 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 pl for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents, and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HClI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d <
ANMAB W December 30, 2020

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(25:75)
Flow Rate: 1.2 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141901 0.998 1.1

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Methoxyacetyl fentanyl-13C6 HCI Molecular Weight (base): 358.43
Material Lot: FC10311801 Molecular Weight (salt): 394.89
Chemical Formula: C1613C6H28N202 e HCI Salt Adjustment: 1.102
CAS Number: NA
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.6%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.8%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.00% 3C, vs 3Cq
0.00% °C, 0.08% *3C,4
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% *C, 4.07% 3Cs

0.00% 3¢,

95.85% 3¢,

0.00% 3¢,

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 1 0.14%
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.50%

! validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

HPLC/UV
DAD1 A, Sg=2104 Refof (004 P 25 RINF24 FCTOBT 01D Column: Ascentis Express C18, 2.7 um,
AU 8 3.0 x 100 mm
T Mobile Phase: A: Acetonitrile
B: 0.1% Phosphoric acid in Water
anl Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
] 10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
] Wavelength: 210 nm
Sample Name: FC10311801
0] | Acquired: February 25, 2019
R | Peak # Ret Time Area %
8 o ERed o 1 3.00 0.01
" B ) 2 3.51 0.01
] s 3.84 99.57
4 4.02 0.23
5 4.13 0.03
6 4.27 0.04
7 4.45 0.01
8 4.56 0.01
9 4.62 0.01
10 4.75 0.02
11 4.95 0.05
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Spectral and Physical Data (cont.)

GC/FID
FIDT A, Front Signal [RVIF224 P GC 10 2010:02-25 20505180027 RWI-224 FCT03T18010) Column: DB-5ms, 30 m x 0.53 mm ID,
o 9 1.5 pm film thickness
o] Temp Program: 40°C to 200°C at 40°C/min
| 200°C to 300°C at 5°C/min
hold 16 min
200 Injector Temp:  Cool-on-Column
Detector Temp: 325°C
1500 Sample Name: FC10311801
Acquired: February 25, 2019
1000 Peak # Ret Time Area %
1 10.66 0.02
2 15.75 0.10
1 3 18.72 0.01
3 ¢ NI ®EE 8 4 20.10 0.01
of?‘k £ Por R @R R 5 21.10 99.76
N : — 6 21.87 0.02
8 22.39 0.01
9 22.75 0.02
10 23.25 0.04
11 26.26 0.01

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (FO0Z--RINF224 FCT0G1 T80T 11 6omg D) Column: DB-ALC1 30 m x 0.53 mm,
Ve 3 pum film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
wl Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
0] Injector: Headspace Sampler
HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
1 Sample Name: FC10311801
. . Acquired: February 26, 2019
by ; f Peak Compound Area Weight %
g 5 1 Methanol 19.17 0.14
N S R N 2 Hexanes 6.31 BQL
- e - 3 NMP NA NA
25 5 75 10 125 15 175 20 m\! Total 0.14

BQL - Below Quantitation Limit

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg

Q02251906 PROTON-7.jdf - =

Signature: File is not signed, printed by sgiuffre (Cerilliant) =

RMNM-224 FC10311801

g = L

Z f iy j “‘ V‘ |‘” l
o i IAVAVIRVIN A AV VAVI L .

11‘0 10‘0 94‘0 8‘0 M\Z‘O 6*0 5.'0 4.‘0 ///v‘l/‘&yl /f\ Zﬂ )\ 1.‘0 T 7‘1.0

X : parts per Million : 1H
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Spectral and Physical Data (cont.)

LC/MS
Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 100-1000 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) % A % B Instrument: Agilent 6410A
0.0 80 20 Mass Spectrometer
5.0 20 80 Acquired: February 26, 2019
6.0 20 80
7.0 80 20
11.0 80 20
%105 +ESI Scan (1.471-1.762 min, 57 Scans) Frag=80.0V A02261905.d
7 350.2000
6 [M + H]*
5_
4-
3_
2.
11
0 ] ] ] ] | ] | ] | ] ] ] ] ] | | ] | ]
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 353-359 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) %A %8B Instrument: Agilent 6410A
0.0 80 20 Mass Spectrometer
5.0 20 80 Acquired: February 26, 2019
6.0 20 80
7.0 80 20
11.0 80 20
xio 8 L+ESI SIM(359.2000) SIM Frag=80.0V A02261913.d
* 1953
|
0.5
xio 1+ES| SIM(358.2000) SIM Frag=80.0V A02261913.d
“ 1953
4+
Vs
xio L+ESI SIM(357.2000) SIM Frag=80.0V A02261913.d
A * 0553
0.5
o] . *
x0 2 +ESI SIM(356.2000) SIM Frag=80.0V A02261913.d
Y A
15 A \ \
l A A [~ AN E o - B - VAN
s~ N A A e T TNV T~ ~ A~ <a;“
o ‘
x0 2 L+ESI SIM(355.2000) SIM Frag=80.0V A02261913.d
. N\
o \
| A P g S S et T - T
- ——
X103 LEq) SIM(354.2000) SIM Frag=80.0v A02261913.d
|
0.5
&, _— - . o [ R B —
xio 2 L+ESI SIM(353.2000) SIM Frag=80.0V A02261913.d
A ~
3 M\ \ ’ A AN v\
. ST PN RSP VARt WO g
S A A eV AN S A AN
H |
|
o ‘
05 y 15 2 75 3 35 ) {5 5 55 3 65 7 75 3 35 5 95 fo 105 '
Counts vs. Acquisition Time (min)
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (M-200-0.5ML,
Methoxyacetyl fentanyl HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . -
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 22, 2019 |Initial version.
01 April 02, 2019 Revised Chemical Name Synonym.
Revised Retest Date from May 2020 to March 2021.
02 April 29, 2020 v RALLC) r
Added Long Term Stability.
03 December 30, 2020 |Revised Retest Date from March 2021 to December 2021.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-221-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

4'-Methyl acetyl fentanyl, Primary Measurement Standard
N-[1-[2-(4-methylphenyl)ethyl]-4-piperidinyl]-N-phenyl-acetamide HC/

Product No.: M-223-1ML SO 17034
Lot No.: FC01281901
_ . . ISO/IEC 17025
Description of CRM: 4'-Methyl acetyl fentanyl HCI in Methanol (Solution)
Nominal concentration is adjusted for HCI content. ey
Retest Date: February 2022 See Stability Section 150 14001
Storage: Store unopened in freezer (-10 °C to -25 °C). 1SO 9001
Shipping: Ambient. See Stability Section Hel CHs
Chemical formula: CyoHogN,0eHCI o N/\/©/
CAS No.: 1071703-95-1 HECJLNQ
Regulatory: USDEA Schedule I @
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
4'-Methyl acetyl fentanyl 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability™ on page 3.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents, and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-223-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

Meat Material Solution Standard

Purity Factor Stability

Uy = 0.203% Ugrgs = 0.000%%
\ Chromatographic purity

Solvent Addition Residual water analysis
Solution Densit
Ug = 0.000577 ;,rm.'_ \\ Residual solvent analysis

Inorganic content analysis
\\ Mass measuramant \ g Li
\\ Temperatura

Instrumant tolerances

T
A@hmg technigques
/;:‘ILEHEE sansitvity & inearity

Balance selection,
qualfication, & rminimum weights

Between Bottle
Homoganaity
Upp = 0.07%

Primary Standard
MHominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuramant
Um = 0.035%:

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-223-1ML
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

+ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

* Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-223-1ML
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 ym, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression

Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.2 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01281901 0.995 0.5

* Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 9
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: 4'-Methyl acetyl fentanyl HCI Molecular Weight (base): 336.47
Material Lot: FC01111901 Molecular Weight (salt): 372.93
Chemical Formula: Ca2H2gN,0eHCI Salt Adjustment: 1.108
CAS Number: 1071703-95-1

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.5%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.6%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 * 0.12%
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 0.43%
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.96%

! validated analytical method

¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢+ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

* A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-223-1ML
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Spectral and Physical Data

HPLC/UV

DAD1 A, Sig=210,4 Ref=off (004-P1-D5-RMN-226 FC01111801.0)

mhl { 2

500+ T

400
3004
2004

100+

+2.887
F3.808
&
7
2
1

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

GC/FID

FIDT A, Front Signal (RMM-226 P GC 10 2018-03-05 18-18-4218-002-18-RMM-226 FCO1111901.D)
oA ]

20.145

2500 ]
2000 *
1500 1
1000 -

500

19.047
F17.204
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Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC01111901
Acquired: March 04, 2019
Peak # Ret Time Area %
1 2.89 0.01
2 3.81 0.23
3 4.44 99.47
4 4.64 0.25
5 4.78 0.01
6 4.95 0.02
7 5.11 0.02
Column: DB-5ms, 30 m x 0.53 mm ID,

Temp Program:

1.5 pm film thickness
40°C to 200°C at 40°C/min
200°C to 300°C at 5°C/min

hold 16 min
Injector Temp: Cool-on-Column
Detector Temp: 325°C
Sample Name: FC01111901
Acquired: March 05, 2019
Peak # Ret Time Area %
1 9.05 0.23
2 17.20 0.18
3 20.15 99.59

M-223-1ML
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (F-002-4-RMM-226 FCO1111901 12.17mg D)

Column:

DB-ALC1 30 m x 0.53 mm,

el 3 pym film thickness
1 Temp Program: 40°C hold 12 min to 220°C at
] 40°C/min hold 5.5 min
o Carrier Gas: Helium
1 Flow Rate: 2.0 mL/min
i Detector Heater Temp: 250°C
w0l Injector: Headspace Sampler
1 HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
zm—-
' Sample Name: FC01111901
Acquired: March 08, 2019
! :
] g Peak Compound Area Weight %
] | 1 Ethyl ether 338.55 0.12
» . N 2 NMP NA NA
0 25 5 735 10 125 15 175 20 mil TOtaI 0'12
*H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
. S
ES ' -
é | Jy N v| |ﬂ M}‘ P
= A J u‘kfl‘- A BLYAU L__,JLJL*.&.J" AN b
Y NN T A AR T I
ZpgE = g5 = EEL g

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,

Certficate Page 7 of 9

TX 78665, USA, Tel: 800-848-7837 / 512-238-9974

M-223-1ML
Revision 03



Spectral and Physical Data (cont.)

LC/MS

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,

3.0 x 50 mm

A: 0.1% Formic acid in Water

B: Acetonitrile

Flow Rate:

Scan Range:

Ionization:

Instrument:

0.4 mL/min

100-1200 amu
Electrospray, Positive Ion
Waters XEVO G2 QTOF

Gradient: Time (min) %A %8B Acquired: March 04, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMN-226 FCOLL11901 ' Methyl acetyl fentany! HCI Cone Voltage: 2500000000
WO3041921 444 (L681) Cm (43449 1: TOF MG ES+
3312086 2301
100-
] Theoretical [M + H]*: 337.2280
Found [M + H]*: 337.2286
¢
, 338.2312
262378 1339.2339
O ""\‘“‘\““\““\“\“\““‘\““\""\““\““\““\““\““\“"\"“\““\““\““\““\‘“‘\““\““ m/Z
10 200 30 )] 500 600 100 800 90 00 100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 29, 2019 |Initial version.
01 May 10, 2019 Updated Short Term Stability to include four week stability data.
Revised Retest Date May 2020 to April 2021.
02 May 04, 2020 y - P
Added Long Term Stability Section.
03 March 05, 2021 |Revised Retest Date April 2021 to February 2022.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-223-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

4'-Methyl acetyl fentanyl-1>C¢, Primary Measurement Standard
N-[1-[2-(4-methylphenyl)ethyl]-4-piperidiny!]-N-phenyl-acetamide- 3 C s HCI

Product No.: M-224-1ML e
Lot No.: FC01241902
Description of CRM: 4'-Methyl acetyl fentanyl-13C6 HCl in Methanol (Solution) BOjee e

Nominal concentration is adjusted for HCI content. ISO 13485
Retest Date: February 2022 See Stability Section 150 14001
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 9001
Shipping: Ambient. See Stability Section el CHy
Chemical formula: C16">CeH5N,00HCI o ng
CAS No.: NA HBCJ\NQ
Regulatory: USDEA Schedule I ©

Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
4'-Methyl acetyl fentanyl-'3Cg 1.000 *+ 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability™ on page 3.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents, and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
AﬁAB (?ﬁé/ March 05, 2021

REFERENCE MATERIAL
0DUCH

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

Meat Material Solution Standard

Purity Factor Stability

Uy = 0.203% Ugrgs = 0.000%%
\ Chromatographic purity

Solvent Addition Residual water analysis
Solution Densit
Ug = 0.000577 ;,rm.'_ \\ Residual solvent analysis

Inorganic content analysis
\\ Mass measuramant \ g Li
\\ Temperatura

Instrumant tolerances

T
A@hmg technigques
/;:‘ILEHEE sansitvity & inearity

Balance selection,
qualfication, & rminimum weights

Between Bottle
Homoganaity
Upp = 0.07%

Primary Standard
MHominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuramant
Um = 0.035%:
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed environmental
conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

+ Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
*+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and calibrated
balances.

* Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.
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Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 ym, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression

Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.3 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01241902 1.006 1.8

* Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 11
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor is
assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard
concentration.

Material Name: 4'-Methyl acetyl fentanyl-13C6 HCI Molecular Weight (base): 342.43
Material Lot: FC01111903 Molecular Weight (salt): 378.89
Chemical Formula: C16-CgH2gN,0eHCI Salt Adjustment: 1.106
CAS Number: NA

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.5%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0.00% 3C, vs 3Cq

0.00% 3C, 0.08% *3C,

Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.00% 3¢, 4.08% 13Cs

0.00% 3G, 95.85% 3¢,

0.00% 3C;

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 * None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 Below Quantitation Limit
Inorganic Content by Microash Analysis SP10-0135 < 0.2%

Mass Balance Purity Factor 99.48%

! validated analytical method

¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢+ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢+ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-224-1ML
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Spectral and Physical Data

HPLC/UV

mAl

300+

200-

DAD1 A, Sig=2104 Ref=off (004-P1-F2-RMM-227 FCO1111603.)
Q

a
k3
¥

500-

100

1.767
3.148
3.646

Certficate Page 6 of 11

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm
A: Acetonitrile
B: 0.1% Phosphoric acid in Water

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC01111903
Acquired: February 26, 2019
: Peak # Ret Time Area %
1 0.55 0.01
: : : - 2 1.77 0.01
3 3.15 0.01
4 3.55 0.01
5 3.60 0.01
6 3.76 0.00
7 4.00 0.01
8 4.17 0.01
9 4.21 0.00
10 4.46 99.44
11 4.67 0.16
12 4.82 0.04
13 4.88 0.01
14 5.00 0.02
15 5.04 0.02
16 5.16 0.03
17 5.32 0.03
18 5.50 0.16
19 6.82 0.01
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-224-1ML
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Spectral and Physical Data (cont.)

GC/FID
FIDT A Front Signal (RAN-Z27 P GG 10 2076-02.26 0127 SHE- D025 RANI-227 FCOTITTa03)] Column: DB-5ms, 30 m x 0.53 mm ID,
] 1.5 pym film thickness
1 f Temp Program: 40°C to 200°C at 40°C/min
20 7 200°C to 300°C at 5°C/min
hold 16 min
0] Injector Temp: Cool-on-Column
Detector Temp: 325°C
ﬁmf Sample Name: FC01111903
Acquired: February 26, 2019
" Peak # Ret Time Area %
1 4.22 0.01
o 2 4.44 0.01
I S P 3 17.20 0.06
I - 4 20.15 99.73
"1 i T 5 20.96 0.01
10 15 20 i 30 35 mif 6 2136 002
7 21.77 0.01
8 21.95 0.03
9 22.41 0.12
10 22.92 0.00
11 24.62 0.00

Residual Solvent Analysis by GC/FID Headspace

Column:

FIDTA, (F-002-42-RMM-227 FCO1111903 8.81mg D)

Norm.

500+
400+
3004

2004

Temp Program:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min

Carrier Gas: Helium

Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C

Injector: Headspace Sampler
HS Oven Temp: 60°C

Vial Equilibration: 10 minutes
Sample Name: FC01111903

Acquired: February 26, 2019
Peak Compound Area Weight %
1 NMP NA NA
- T Total ND

Certficate Page 7 of 11
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Spectral and Physical Data (cont.)

'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg

Q02281907 PROTON-S.jdf
Signature: File is not signed, printed by sgiuffre (Cerilliant)
1 Rﬁn[72177F('(ll 111903

80
10.19

=
=]
= / s / =

H il ] |

= M/\_J "\ A N IU \_._,JUL\_JMLJML_._

z g
= T
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-224-1ML

Certficate Page 8 of 11 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 03



Spectral and Physical Data (cont.)

LC/MS
Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 100-1000 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion

Gradient: Time (min) % A % B Instrument: Agilent 6410A

0.0 80 20 Mass Spectrometer

5.0 20 80 Acquired: February 26, 2019

6.0 20 80

7.0 80 20

11.0 80 20

105 | *ESI Scan (3.058-3.296 min, 47 Scans) Frag=80.0v A02261909.d

343.2000

[M + HI*

o = RO £ o Oy ~1 ©o
1 L 1 1 1 1 I 1

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column: Kinetex C18, 2.6 pm, 2.1 x 50 mm Flow Rate: 0.5 mL/min
Mobile Phase: A: 0.1% Formic acid in Water Scan Range: 337-343 amu
B: Acetonitrile Ionization: Electrospray, Positive Ion
Gradient: Time (min) %A %8B Instrument: Agilent 6410A
0.0 80 20 Mass Spectrometer
5.0 20 80 Acquired: February 26, 2019
6.0 20 80
7.0 80 20
11.0 80 20
X106 | +ESI SIM(343.2000) SIM Frag=80.0V A02261915.d

w
<
o

.
.

04

X103

x102

x102

x102

x102

751
5
2.5+
04

1.5
14

05

4ESI SIM(342.2000) SIM Frag=80.0V A02261916.
| 3458 1
+ESI SIM(341.2000) SIM Frag=80.0V A02261916.
| 3,426 1

0

14

0.59

0

+ES| SIM(340.2000) SIM Frag=80.0V A02261915.d
1

24
14

0

+ES| SIM(339.2000) SIM Frag=80.0V A02261915.d
1

5
2.5+
0

+ES| SIM(338.2000) SIM Frag=80.0V A02261915.d
1

44

2

+ES| SIM(337.2000) SIM Frag=80.0V A02261915.d

0

05 1 15 2 25 3 35 4 45 5 55 6 6.5 7 75 8 85 9 95 10 105
Counts vs. Acquisition Time (min)
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (M-223-1ML, 4'-
Methyl acetyl fentanyl HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established for a related product (M-223-1ML,
4'-Methyl acetyl fentanyl HCl) through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 29, 2019 |Initial version.
01 May 10, 2019 Updated Short Term Stability to include four week stability data.
Revised Retest Date May 2020 to April 2021.
02 May 04, 2020 y - P
Added Long Term Stability Section.
03 March 05, 2021 |Revised Retest Date of April 2021 to February 2022.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, M-224-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Remifentanil, Primary Measurement Standard
3-[Methoxycarbonyl-4-[(1-oxopropyl)phenylamino]1-piperidine]]propanoic acid methyl ester HC/
Product No.: R-032-1ML

Lot No.: FC01141905 1SO 17034
Description of CRM: Reml_fentanll HCI |n_Met_hano_I (Solution) ISO/IEC 17025
Nominal concentration is adjusted for HCI content.

Retest Date: February 2022 See Section "Stability Assessment". 1SO 13485
Storage: Store unopened in freezer (-10 °C to -25 °C). ISO 14001
Shipping: Ship cold. See Section "Stability Assessment". O;/OCH3 1SO 9001
Chemical formula: C20H23N205 e HCI { - Hal
CAS No.: 132539-07-2 ©\
Regulatory: USDEA Schedule II (1 OCH,
o
[¢]
CHs
Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Remifentanil 1.000 £+ 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 3.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
A.ﬁAB ?@é March 02, 2021

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-032-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) % RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141905 0.996 0.3

¢ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

* Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Remifentanil HCI Molecular Weight (base): 376.45
Material Lot: FC09271801 Molecular Weight (salt): 412.91
Chemical Formula: Ca0H28N205 © HCI Salt Adjustment: 1.097
CAS Number: 132539-07-2
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.8% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.7%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 2 0.93%
Residual Water Analysis by Karl Fischer Coulometry AM1346 2 Not Detected
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.90%

1 0.02% Remifentanil acid detected by HPLC/UV analysis.
2 Validated analytical method

* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢+ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.
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Spectral and Physical Data

HPLC/UV
DRDT A Sig=210 4 Ref=of (10+P2-C2-RUR-021 FCUGZT 1E01D) Column: Ascentis Express C18, 2.7 uym,
Al H 3.0 x 100 mm
T Mobile Phase: A: Acetonitrile
7 B: 0.1% Phosphoric acid in Water
Gradient: Time (min) % A % B
o 0.0 10 90
8.0 70 30
e | 10.0 70 30
] | 10.1 10 90
Flow Rate: 0.7 mL/min
ol Wavelength: 210 nm
o] ‘ Sample Name: FC09271801
‘ Acquired: February 28, 2019
) g t3| ®EE g Peak # Ret Time Area %
R /6 1+ I SN B 238 0.01
. _ 2 3.01 0.04
4 3.52 99.78
5 3.98 0.01
6 4.14 0.09
7 4.40 0.01
8 4.72 0.03
9 4.84 0.01
10 5.50 0.01

Peak #3 has been identified as Remifentanil acid
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Spectral and Physical Data (cont.)

GC/FID
FID1 A, Front Signal (RNR-021 P GC 10 2013:03-5 14-13-3713-002-16-RMR-021 FC08271801D) Column: DB-5ms, 30 m x 0.53 mm ID,
- 0 1.5 pm film thickness
: 9 Temp Program: 40°C to 240°C at 40°C/min
, | 240°C to 300°C at 5°C/min
b hold 20 min
. Injector Temp: Cool-on-Column
100~ Detector Temp: 325°C
- Sample Name: FC09271801
: Acquired: March 05, 2019
€0-
) Peak # Ret Time Area %
a0 1 7.92 0.10
- 2 8.55 0.00
- 3 9.97 0.00
o N %m, 4 10.78 0.02
| o 55 g 5 11.38 0.03
o 6 11.55 99.73
‘ é T 10 T 15 Z‘D T 2‘5 T 3‘0 ‘ 3‘5 ‘mwr 7 11.97 0.01
8 12.21 0.01
9 12.56 0.01
10 16.25 0.09
Residual Solvent Analysis by GC/FID Headspace
FIDA. {FO02-32-RUR-021 FCORZ71801 1372mgD) Column: DB-ALC1 30 m x 0.53 mm,
Nom. - 3 um film thickness
o Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
- Carrier Gas: Helium
o Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
- Injector: Headspace Sampler
» HS Oven Temp: 60°C
) Vial Equilibration: 10 minutes
o Sample Name: FC09271801
E Acquired: February 28, 2019
» E Peak Compound Area Weight %
j 1 Methanol 147.35 0.93
X U || S— 2 NMP NA NA
- — Total 0.93
0 25 5 15 10 125 15 175 20 i
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Spectral and Physical Data (cont.)

'H NMR

=
n
=
-
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=
=

X : parts per Million : 1H
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: March 04, 2019
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMR-021 FCO9271801 Remifgntanil HC Cone Voltage: 2500000000
WO3041905 585 (2.205) O (563589 £ TOF S ES+
312078 2.56¢7
100,
’ Theoretical [M + H]*: 377.2076
Found [M + H]*: 377.2078
;
' 3182105
7 5/ 808379.2125
O \H\‘HH‘HH‘\H\‘HH“HH“\‘\H‘HH‘HH‘HH‘HH‘HH‘HH‘H\\‘\H\‘\H\‘HH‘HH‘HH‘HH‘HH‘HH m/z
100 00 Rl 40 )] 600 100 800 0 1000 1100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
5 - -
Freezer _150C 0.12% decrease in purity was noted
after four weeks.
5 - -
Refrigerator 40C 0.23% decrease in purity was noted
after four weeks.
5 - -
Room Temperature 210C 1.01% decrease in purity was noted
after two weeks.
5 - -
40°C 40°C 3.39% decrease in purity was noted
after one week.

Transport/Shipping: Ship cold.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 25, 2019 |Initial version.
ted Retest Date of May 2020 to March 2021.
01 April 24, 2020 Updated Retest Date of May 2020 to March 20

Added Long Term Stability section.

Updated Retest Date of March 2021 to February 2022.

02 March 02, 2021 -
Update page reference on first page.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-032-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Remifentanil-1>C, Primary Measurement Standard
3-[Methoxycarbonyl-4-[(1-oxopropyl)phenylamino]-1-piperidine ]propanoic acid methyl ester- B3¢ ¢ HCI
Product No.: R-033-1ML
Lot No.: FC01141906

o ) 13 ) ) 1SO 17034
Description of CRM: Remifentanil-""C¢ HCI in Methanol (Solution)
ISO/IEC 17025
Nominal concentration is adjusted for HCI content.
1SO 13485
Retest Date: February 2022 See Section "Stability Assessment".
Storage: Store unopened in freezer (-10 °C to -25 °C). 0O+ OCH; e sl
Shipping: Ship cold. See Section "Stability Assessment". 7 15O 9001
Chemical formula: C143CeH8N,050HCI Het

* N
CAS No.: NA L Q(ocm
Regulatory: USDEA Schedule II : (’L 5
O
CH

3

Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Remifentanil-'3Cg4 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 3.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 pl for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HClI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
AﬁAB ?@é March 02, 2021

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-033-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-033-1ML
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-033-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(30:70)
Flow Rate: 1.5 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC01141906 1.000 0.7

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Remifentanil-*3Cg HCI Molecular Weight (base): 382.40
Material Lot: FC10031804 Molecular Weight (salt): 418.86
Chemical Formula: C1413C6H28N205-HCI Salt Adjustment: 1.095
CAS Number: NA
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.5%
Secondary Chromatographic Purity by LC/MS Analysis SP10-0107 > 99.9%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.01% 3C, vs 3Cq
0.01% °C, 0.09% °C,
Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.05% *C, 4.33% 3Cs

0.02% G,

95.49% 3¢,

0.01% 3C;

Identity by *H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 1 0.93%
Residual Water Analysis by Karl Fischer Coulometry AM1346 1 0.23%
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 98.33%

! validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
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Spectral and Physical Data

HPLC/UV
DAD1 A Sg-1104 Reof (0HPZ-0LRVR-025 FCTOTSTERED) Column: Ascentis Express C18, 2.7 um,
] B 3.0 x 100 mm
Mobile Phase: A: Acetonitrile
# B: 0.1% Phosphoric acid in Water
ol ‘ Gradient: Time (min) % A % B
0.0 10 90
ol ‘ 8.0 70 30
10.0 70 30
] 10.1 10 90
Flow Rate: 0.7 mL/min
w0l ‘ Wavelength: 210 nm
w0l “ Sample Name: FC10031804
Acquired: March 01, 2019
! 9 | o T Peak # Ret Time Area %
ST 115+ - E— | 1 2.93 0.01
‘ ‘ ‘ ‘ 2 3.16 0.01
2 : d 5 il il 3 3.30 0.01
4 3.52 99.45
5 3.92 0.01
6 4.00 0.02
7 4.09 0.06
8 4.15 0.23
9 4.21 0.02
10 4.49 0.01
11 4.54 0.01
12 4.67 0.01
13 4.73 0.09
14 4.87 0.03
15 4.95 0.01
16 5.00 0.01
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-033-1ML
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (F-002-2-RMR-025 FC10031804 9.61mg D)

Norm,
500

Column:
Temp Program:

Carrier Gas:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

m Flow Rate: 2.0 mL/min
i Detector Heater Temp: 250°C
0 P Injector: Headspace Sampler
| HS Oven Temp: 60°C
] ” Vial Equilibration: 10 minutes
| Sample Name: FC10031804
ol | Acquired: March 08, 2019
‘\
‘M‘ E Peak Compound Area Weight %
o - 1 Ethyl ether 1987.61 0.93
25 ‘a 7‘5 1‘5 12‘5 1‘5 1';5 2‘0 m 2 NMP NA NA
Total 0.93
'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg

1.8

_{Qo3051005_PROTON—S jar
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 ym, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: March 04, 2019
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMR-025 FC10031801 Remifentanil-13C6 HCI Cone Voltage: 25.00000000}
W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
TIC
3.36e6
Area

Time  Height Area  Area%h
222 1738403 74455.82 100.00f

Time

RMR-025 FC10031801 Remifentanil-13C6 HCI Cone Violtage: 25,00000000]
WO3041047 587 (2.212) O 386:58) 1-TOF MSESt
026 41566

1004
] Theoretical [M + H]*: 383.2278
Found [M + H]*: 383.2266

R

384229
3822235

158.9614 385.2320
(P e e e e e i

100 20 30 40 500 600 10 800 900 1000 100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:

Ascentis Express C18, 2.7 um,
3.0 x 50 mm

Flow Rate:
Scan Range:

0.4 mL/min
377-383 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: March 04, 2019
0.0 90 10
0.5 90 10
4.0 50 50
5.8 50 50
6.0 90 10
8.0 90 10
RMR-025 FC10031801 Remifentanil-13C6 HCI Cone Voltage: 25.00000000f
W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 50146 383.227 0.0500Da
1.26e6
Area
O\O,
O T T T T T T A RAREEN T U UL L I I IR R
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
\W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 2276 382.224 0.0500Da
5.57e4
Area
]
c““\““\““\““\“"\““\““\““\““\“‘MWW“‘\“‘\ T T U IR R U RN B
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
\W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 381.221 0.0500Da
2.78e3
Area
=l 47
(O B U L S R AR RN AR T IRERARRAREE| T T T T T R A R R L R I S R U R I
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
\W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100 380.218 0.0500Da
1.15e4
Area
2
0 3
T T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50
W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100 379.215 0.0500Da
12 625
Area
D\CL
0 T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50
W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 28 378.212 0.0500Da
1.21e3
Area
Q\O,
O-Frrr P T AT T T T T T T 1T T T T T L L L L B B B L R UL L UL UL
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
W03041947 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 377.209 0.0500Da
576
3 Area
L S
0H‘w”‘w‘”w‘”w‘”w‘”w”‘w””\H‘w”‘w‘”wH‘w”‘w”‘wHH\HH\HH\HH\HHHH\H‘w”‘w‘”wHH\HHH‘wHH\HH\HH\HH\HWTime
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (R-024,
Remifentanil HCI) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C ) .

No decrease in purity was noted after

] four weeks.

Refrigerator 4°C

5 - -

Room Temperature 210C 1.01% decrease in purity was noted
after two weeks.

5 - -

40°C 40°C 3.39% decrease in purity was noted

after one week.

Transport/Shipping: Ship cold.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established for a related product (R-032,
Remifentanil HCI) through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 22, 2019 |Initial version.
01 April 24, 2020 Updated Retest Date of May 20.20 to March 2021.
Added Long Term Stability section.
02 March 02, 2021 Updated Retest Date of Mar.ch 2021 to February 2022.
Update page reference on first page.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, R-033-1ML
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis
U-47700-13C5,*°N,, Primary Measurement Standard

(%)-trans-3,4-Dichloro-N-[2-(dimethylamino)cyclohexyl]-N-methyl-benzamide- > C 5, > N ,

Product No.: U-013-1ML
ISO 17034
Lot No.: FC12261802
Description of CRM: U-47700-13C;,'°N, in Methanol (Solution) Bo/IEC 17025
Retest Date: January 2022 See Section "Stability Assessment". ISO 13485
Storage: Store unopened in freezer (-10 °C to -25 °C). I1SO 14001
Shipping: Ship cold. See Section "Stability Assessment”. ISO 9001
Chemical formula: C133C3H,,°N,0Cl, o]
CAS No.: NA Cl NS
Regulatory: USDEA Schedule I HyC N
‘ HiGH CHg
Analyte Certified Concentration + associated uncertainty U,
u=k*u (k=2)
U-47700-3C;,'°N, 1.000 + 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an unbroken
chain of comparisons. See "Details on metrological traceability™ on page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 pL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual solvents and
handling and correct residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<
AﬁAB f?ﬁ%/f February 02, 2021

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uyr = 0.203% Uggs = 0.000%6

\\ Chromatographic purity

Solvent Addition Residual water analysis
Solution Densit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
" Mass measurement \ g Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/E:llance sansitreity & linearity

Balance selection,
quablification, & manimum weights

Between Bottle
Homogeneity
Uy = 0.07%%

Primary Standard
MHominal Concentration
rel. up = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%
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Details on metrological traceability:
¢+ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

¢+ The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

* Additional certification information available upon request.
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Certficate Page 3 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 02



Solution Standard Verification

Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an independently
prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters Calibration Curve
Analysis Method: HPLC/UV Calibration Curve: Linear Regression
Column: Ascentis Express Phenyl-Hexyl, Number of Points: 4
2.7 ym, 3.0 x 100 mm
Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r): 1.000
(35:65)
Flow Rate: 1.5 mL/min
Wavelength: 220 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261802 0.993 0.3

* Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢+ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above
for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, U-013-1ML
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor is utilized
to calculate the weighing adjustment necessary to ensure accuracy of the solution standard concentration.

Material Name: U-47700-13C;,*°N, Chemical Formula: C1313C3H»,*°N,0Cl,
Material Lot: FC10111801 CAS Number: NA
Molecular Weight: 334.23

Material Characterization Summary

Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.8%
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.8%
Identity by LC/MS Analysis SP10-0107 Consistent with Structure

0-010/0 MO VS Ms

Isotopic Purity and Distribution by LC/MS SIM Analysis SP10-0107 0.01% My to M, 2.61% M,
0.03% M; 97.34% Ms

Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 ! None Detected

Residual Water Analysis by Karl Fischer Coulometry AM1346 ! Below Quantitation Limit

Inorganic Content by Microash Analysis SP10-0135 < 0.2%

Mass Balance Purity Factor 99.79%

! validated analytical method.

¢+ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢+ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.

* The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢+ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)
x Chromatographic Purity/100].

+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, U-013-1ML
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Spectral and Physical Data

HPLC/UV
DADT A, Sg=220 4 Ref=of (000P2.C2RMLLD1T FCID1 118010} Column: Ascentis Express Phenyl-Hexyl,
““U g 2.7 ym, 3.0 x 100 mm
w0l Mobile Phase: A: Acetonitrile
B: 0.1% Phosphoric acid in Water
| Gradient: Time (min) % A % B
0l 0.0 10 90
8.0 80 20
10.0 80 20
01 10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 220 nm
200
Sample Name: FC10111801
Acquired: January 14, 2019
100
3R Peak # Ret Time Area %
o AL 1 3.61 0.00
; ; ; 0 i 2 3.74 99.82
| 3 3.98 0.11
4 4.08 0.06
GC/FID
FIZB, RAMTTP GO G0 A B R FCH D) Column: DB-35ms, 30 m x 0.53 mm ID,
. 0 1.0 pym film thickness
' 3 Temp Program: 40°C to 200°C at 40°C/min
m 200°C to 280°C at 5°C/min hold 18 mir
Injector Temp: Cool-on-Column
L Detector Temp: 325°C
0 Sample Name:  FC10111801
120 Acquired: January 14, 2019
104
o Peak # Ret Time Area %
1 3.59 0.00
ad | 2 4.69 0.01
Q0 0
al 3y omer DR " o e
g Mar0 ¢ o o ' :
Sl T f ﬁ‘“l’ A 5 7.55 0.08
6 8.18 0.00
7 9.08 0.03
8 14.21 0.01
9 16.06 0.01
10 16.34 99.80
11 18.14 0.05
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, U-013-1ML
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1 A, (F-002-16-RMU-D17 FC10111801 8.55mg.D)

Norm,

300

400

300

200

Column:
Temp Program:

Carrier Gas:

Flow Rate:

Detector Heater Temp:
Injector:

HS Oven Temp:

Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler
60°C

10 minutes

FC10111801

1H NMR

Acquired: January 15, 2019
Peak Compound Area Weight %
1 NMP NA NA
Total ND
ND - None Detected
Instrument: JEOL ECS 400
Solvent: Chloroform-D

Z {gornisionn,_proToN—7 jar
Signsure: File is not sipned, prisied by sgiofTee (Cerilliant)
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Spectral and Physical Data (cont.)

LC/MS

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um, 3.0 x 50 mm

A: 0.1% Formic acid in Water
B: Acetonitrile

Flow Rate: 0.4 mL/min
Scan Range: 100-1200 amu
Ionization: Electrospray, Positive Ion

Gradient: Time (min) %A %8B
0.0 80 20 Instrument: Waters XEVO G2 QTOF
0.5 80 20 Acquired: January 14, 2019
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMU-017 FC10111801 U-47700-13C3, 15N2 Cone Voltage: 15,00000000
WOLL41918 445 (1.645) 1 TOF MSESt
1007 3412 Theoretical [M + H]*: 334.1229 15666
] Found [M + H]*: 334.1214
336.1186
g
| g 338.1161
0 R R e e D e m/Z
100 20 300 400 500 600 100 800 900 00 100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:

Ascentis Express C18, 2.7 um,
3.0 x 50 mm

Flow Rate:
Scan Range:

0.4 mL/min
329-334 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A %B Acquired: January 14, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMU-017 FC10111801 U-47700-13C3, 15N2 Cone Voltage: 15.00000000}
W01141918 Sm (Mn, 2x2) 1: TOF MS ES+
1004 78401 334.121 0.1000Da
1 1.49e6
X Area
O L B A s R A A e A s A S R A A e R A R AR R
050 1.00 150 200 250 3.00 350 400 450 500 550 6.00 650 7.00 7.50
W01141918 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 2103 333.118 0.1000Da
i 4.15e4
=] Area
O LR L S
050 1.00 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50
W01141918 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 27 332.115 0.1000Da
] 429
O\O{ Area
0:““\“"\““\““\““\““\“"\““\“‘\ R AR RSN AR RN RN RN AR \\”\m\ PRt e
050 1.00 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50
W01141918 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 331.112 0.1000Da
] 352
S Area
] 4
07”“\‘”w‘”‘\‘Hw”w””w‘/%””\m\ e e e R e e e P ”\‘HMHHW”\””\”H\HH\HH
050 1.00 150 200 250 300 350 400 450 500 550 6.00 650 7.00 7.50

W01141918 Sm (Mn, 2x2)
1005

1: TOF MS ES+
330.109 0.1000Da
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] 4 120
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (U-003-1ML,
U-47700) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 40C No decrease in purity was noted
after four weeks.
Room Temperature 21°C
5 - -
20°C 40°C 1.58% decrease in purity was noted

after two weeks.

Transport/Shipping: Ship cold.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 February 25, 2019 [Initial version.
01 March 31, 2020 Revised Retest Date frc?ltn April .2020 to February 2021.
Added Long Term Stability section.
02 February 02, 2021 [Revised Retest Date from February 2021 to January 2022.
Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, U-013-1ML
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Cerilliant’

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Valeryl fentanyl, Primary Measurement Standard

N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-pentanamide HCI ISO 17034
Product No.: V-074-1ML ISO/IEC 17025
Lot No.: FC12261805 ISO 13485
Description of CRM: Valeryl fentanyl HCI in Methanol (Solution) TSaitea
Nominal concentration is adjusted for HCI content. S
Retest Date: February 2022 See Section "Stability Assessment".
Storage: Store unopened in freezer (-10 °C to -25 °C).
Shipping: Ambient. See Section "Stability Assessment". /\/@
Chemical formula: Cy4H55N,0eHCI 0 /O\l
CAS No.: 117332-91-9 Mooy ha
Regulatory: USDEA Schedule I ©
Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Valeryl fentanyl 1.000 = 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability" on
page 3.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 3.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 pl for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual water, residual
handling and correct solvents and residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HClI content. No adjustment required

before use.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

d .
ACMDA.TE ’Wl February 09, 2021

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, V-074-1ML
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Uy = 0.203% Upsas = 0.000%

\‘\ Chromatographic purity

Sobvent Addition Residual water analysis
Solubon Dansit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
T Mass measurement \\ 2 Y

Temperature

Instrumant tolerances

T
A@hmg techniques
/;Iance sansitrvity & linearity

Balance selection,
quabfication, & minimum weights

Between Bottle
Homogeneity
Upp = 0.07%%

Primary Standard
MNominal Concentration
rel. u; = 0.276%
rel. U (k=2) = 0.55%

Mass
Measuremeant
Um = 0.035%
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Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

* Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity areanalytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve:
Number of Points: 4

Linear Regression

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(40:60)
Flow Rate: 1.3 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stanc!ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261805 1.000 0.4

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor

Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt
adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Valeryl fentanyl HCI Molecular Weight (base): 364.52
Material Lot: FC10031802 Molecular Weight (salt): 400.98
Chemical Formula: Cy4H3,N,0eHCI Salt Adjustment: 1.100
CAS Number: 117332-91-9
Material Characterization Summary
Analytical Test Method Results
Primary Chromatographic Purity by HPLC/UV Analysis SP10-0102 99.4% !
Secondary Chromatographic Purity by GC/FID Analysis SP10-0101 99.4% 2
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
Identity by *H-NMR Analysis USP <761>, SP10-0116 Consistent with Structure
Residual Solvent Analysis by GC/FID Headspace AM1087 3 None Detected
Residual Water Analysis by Karl Fischer Coulometry AM1346 3 0.18%
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Calculated | Analyzed
C 71.89% 71.83%
Elemental Analysis Outsourced
H 8.30% 8.11%
N 6.99% 7.26%
Mass Balance Purity Factor 99.19%

10.09% 4-ANPP and 0.03% Butryl fentanyl were detected by HPLC/UV analysis. No Fentanyl detected.
2 0.14% 4-ANPP and 0.03% Butryl fentanyl were detected by GC/FID analysis. No Fentanyl detected.

3 Validated analytical method

¢ The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.

¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are

used as controls to confirm an accurate purity value.

¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.

¢ A secondary chromatographic purity method is utilized as a control.

¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.
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Spectral and Physical Data

HPLC/UV

DAD1 A, Sig=210.4 Ref=of? (004-P1-F2-RMV-019 FC10031802.D)
mAU

5313

400-

300-
200-

0- \

Column:

Mobile Phase:

Ascentis Express C18, 2.7 um,
3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock,
TX 78665, USA, Tel: 800-848-7837 / 512-238-9974
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0

min}

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90
Flow Rate: 0.7 mL/min
Wavelength: 210 nm
Sample Name: FC10031802
Acquired: February 19, 2019
Peak # Ret Time Area %
1 1.69 0.03
2 1.75 0.02
3 3.83 0.01
4 3.92 0.09
5 4.70 0.04
6 4.83 0.01
7 4.84 0.01
8 4.93 0.03
9 5.01 0.01
10 5.16 0.01
11 5.24 0.01
12 5.31 99.33
13 5.53 0.05
14 5.61 0.01
15 5.88 0.01
16 6.05 0.34

Peak #4 has been identified as 4-ANPP
Peak #8 has been identified as Butyryl fentanyl
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Spectral and Physical Data (cont.)

GC/FID
FIDZ5, Back Sgra VDTGP GC 10 T01302.16 192238005 22 RVIT8 FC 103 020 Column: DB-35ms, 30 m x 0.53 mm ID,
“l| 1.0 ym film thickness
] m Temp Program: 60°C to 300°C at 20°C/min
. hold 27 min
Injector Temp: Cool-on-Column
a0 Detector Temp: 325°C
Sample Name: FC10031802
o Acquired: February 19, 2019
] | Peak # Ret Time Area %
\ 1 8.79 0.01
‘ 2 10.37 0.01
al | 3 10.79 0.03
S 4 12.04 0.01
BEE g 5 12.20 0.02
oo T R RS 6 12.27 0.02
T % - ‘1‘0 ‘ ‘1‘5‘ o 2‘0‘ o 25‘ o ‘30 ‘ ‘3‘5‘ ‘ ‘rm 7 12-55 0-14
9 15.69 99.39
10 15.92 0.02
11 16.85 0.02
12 17.09 0.02
13 19.18 0.28

Peak #7 has been identified as 4-ANPP
Peak #8 has been identified as Butyryl fentanyl
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FIDTA, (F-002-12RMY-019 FC100318028.84mg D)

MNorm. ~

500-
400-
300-

200-

Column:

Temp Program:

Carrier Gas:
Flow Rate:

Detector Heater Temp:

Injector:
HS Oven Temp:
Vial Equilibration:

Sample Name:

DB-ALC1 30 m x 0.53 mm,

3 um film thickness

40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
Helium

2.0 mL/min

250°C

Headspace Sampler

60°C

10 minutes

FC10031802

0 Acquired: February 26, 2019
’ Peak Compound Area Weight %
o ' T 1 NMP NA NA
0 - 2‘.5‘ ‘ ‘ 3‘3 - ‘7‘5‘ ‘ ‘10 B 125‘ - ‘1‘5‘ ‘ ‘17‘5 ‘ ‘2‘0 ‘ ‘mwi TOtaI ND
ND- None Detected
'H NMR Instrument: JEOL ECS 400
Solvent: DMSO-Dg
!
2
== A
: 7 _JII‘I".._ JN ||L_L it |u'kn LL__,.:
110 100 | o0 80 ‘5/1\7,0 &0 o | 40 )/Aﬁ,R —1.0
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A % B Acquired: February 18, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RAIV-019 FC10031802 Valeryl fentanyl HC! Cone Voltage: 2500000000
W02181916 563 (2.126) 1. TOF MS ESt
30258 4264
100,
| Theoretical [M + H]*: 365.2593
Found [M + H]*: 365.2582
0\0,
| 35,6432
36,0467
0 R R R R R L L R N L L N R m/Z
o 220 W 4 N 600 70 80 %0 10001100
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for this product is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 23 months has been established through real-time stability studies.

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 13, 2019 |Initial version.
01 April 24, 2020 Updated Retest Date of May 2020 to February 2021.
ted Retest Date of F 2021 to F 2022.
02 February 09, 2021 Updated Retest Date of February 20 o February 20

Updated page reference on first page.
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Cerilliant

Analytical Reference Standards

a SIGMA-ALDRICH company

Certified Reference Material - Certificate of Analysis

Valeryl fentanyl-'*C, , Primary Measurement Standard
N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-pentanamide- 13 Ce HCI

ISO 17034
Product No.: V-075-1ML
Lot No.: FC12261808 BO/IEC 170
Description of CRM: Valeryl fentanyl-13C¢ HCI in Methanol (Solution) 1SO 13485
Nominal concentration is adjusted for HCI content. ISO 14001
Retest Date: November 2021 See Section "Stability Assessment". ISO 9001
Storage: Store unopened in freezer (-10 °C to -25 °C).
Shipping: Ambient. See Section "Stability Assessment". -HCI
Chemical formula: C1*3CeH3,N,0 o HCI o O
CAS No.: NA Hoe o~ Ay
Regulatory: USDEA Schedule I * @*
Analvte Certified Concentration + associated uncertainty U,
y u=k*u (k=2)
Valeryl fentanyl-*3C, 1.000 £ 0.006 mg/mL

Metrological traceability: Traceable to the SI and higher order standards from NIST through an
unbroken chain of comparisons. See "Details on metrological traceability™ on
page 2.

Measurement method: The certified value is calculated from high precision weighing of thoroughly
characterized starting material. See “Details about certification process” on
page 2.

Intended use: This Certified Reference Material is suitable for the in vitro identification,
calibration, and quantification of the analyte(s) in analytical and R&D
applications. Not suitable for human or animal consumption.

Minimum sample size: 1 plL for quantitative applications

Instructions for Concentration is corrected for chromatographic purity, residual solvents and
handling and correct residual inorganics. No adjustment required before use.
use: Users should quantitatively transfer desired volume using established good

laboratory practices to spike into matrix or to dilute to the desired
concentration. Each ampoule is intended for one-time use.
Nominal concentration is adjusted for HCI content. No adjustment required

before use.

For MS Applications, we advise laboratories not to mix lots during a single

sequence.
Health and safety Danger. Please refer to the Safety Data Sheet for detailed information about
information: the nature of any hazard and appropriate precautions to be taken.
Accreditation: Cerilliant Corp. is accredited by the US accreditation authority ANAB as

registered reference material producer AR-1353 in accordance with ISO 17034
and registered testing laboratory AT-1352 according to ISO/IEC 17025.

<«
= e
,AC@E % January 07, 2021

REFERENCE MATERIAL
PRODUCER

Darron Ellsworth, Quality Assurance Manager Issue Date
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Packaging: 2 mL amber USP Type 1 glass ampoule containing not less than 1 mL of
certified solution. Ampoules are overfilled to ensure a minimum of 1 mL
volume can be transferred when using a 1mL Class A volumetric pipette.

Details on starting Each raw material utilized has been identified and thoroughly characterized

materials: through the use of multiple analytical techniques and is assigned a Mass
Balance Purity Factor. Spectral data is provided on subsequent pages of this
CoA.

Certificate of Origin: Cerilliant Corporation certifies no material of animal origin (BSE/TSE) was used
in the preparation of this product. This material was manufactured in the USA.

Associated uncertainty:

The uncertainty has been calculated by statistical analysis of all aspects of our production system and
incorporated uncertainty of the mass balance purity factor, material density, balance, weighing technique,
and homogeneity. Uncertainty components of the gravimetrically prepared Primary Standard concentration
are shown in the figure below. Uncertainty is expressed as an expanded uncertainty in accordance with ISO
17034 at the approximate 95% confidence interval using a coverage factor of k=2. Uncertainty contribution
from neat material homogeneity was established to be negligible through establishment of process controls
and verification of the control process. Stability uncertainty was determined to be negligible by regression
analysis.

MNeat Material Solution Standard
Purity Factor Stability
Upr = 0.203% Uggss = 0L000%%

\\‘\ Chromatogr aphic purity

Solvent Addition Residual water analysis
Solution Densit
Uy = 0.000577 &.’l"‘mf_ \\'\\ Residual solvent analysis

Inorganic content analysis
. Mass measurement \\ g Y

Temperature

Instrumant tolarances

T
A@hmg technigques
/E:alara:a sensitreity & linearity

Balance selection,
qualfication, & minimum weights

Between Bottle
Homogeneaity
Uss = 0.07%

Primary Standard
Mominal Concentration
rel. up = 0.276%
rel. U (k=2) = 0.55%

Mass
Measurament
Um = 0.035%

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, V-075-1ML
Certficate Page 2 of 10 TX 78665, USA, Tel: 800-848-7837 / 512-238-9974 Revision 03



Details on metrological traceability:

¢ This standard has been gravimetrically prepared using balances that have been fully qualified and
calibrated to ISO 17025 requirements. All calibrations utilize NIST traceable weights which are
calibrated externally by a qualified ISO 17025 accredited calibration laboratory to NIST standards.
Qualification of each balance includes the assignment of a minimum weighing by a qualified and ISO
17025 accredited calibration vendor taking into consideration the balance and installed
environmental conditions to ensure compliance with USP tolerances of NMT 0.10% relative error.

* Fill volume to predetermined specifications is gravimetrically verified throughout the dispensing
process using qualified and calibrated balances.

* The density and material Mass Balance Purity Factor of each raw material is traceable to the SI and
higher order reference materials through mass measurement and instrument qualification and
calibrations.

Details about certification process:

This standard has been prepared and certified under the ISO 17034, ISO/IEC 17025, ISO 9001 and ISO
13485 standards. This standard meets the requirements of a Certified Reference Material and a Primary
Standard as defined by ISO and is traceable to the SI and higher order standards through an unbroken chain
of comparisons.
¢+ Nominal concentration is calcuated based on: the actual mass; Mass balance purity factor of the
analyte(s); measured mass of the solution; and the density of the pure diluent at 20°C.

¢ Fill volume is gravimetrically verified throughout the dispensing process using qualified and
calibrated balances.

¢+ Concentration is verified against an independently prepared calibration solution gravimetrically
prepared.

¢ Additional certification information available upon request.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, V-075-1ML
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Solution Standard Verification
Concentration accuracy and within- and between-bottle homogeneity are analytically verified against an
independently prepared calibration solution.

Solution standard verification demonstrates confirmation that the specified requirements for the Primary
Measurement Standard have been fulfilled and validated under ISO 13485.

Standard Solution Assay Parameters

Analysis Method:
Column:

HPLC/UV
Ascentis Express C18, 2.7 um, 3.0 x 100 mm

Calibration Curve

Calibration Curve: Linear Regression
Number of Points: 4

Mobile Phase: Acetonitrile:0.1% Phosphoric acid in Water Linearity (r) : 1.000
(35:65)
Flow Rate: 1.2 mL/min
Wavelength: 210 nm
Verified Concentration (mg/mL) %RSD - Homogeneity
Stand_ard Lot Number Actual Results Actual Results
Solution
New Lot FC12261808 0.997 0.5

¢+ Concentration is verified through multiple analyses and is calculated as the average of multiple analyses
compared to an independently prepared calibration solution.

¢ Within-sample and between-sample homogeneity of the New Lot is ensured through rigorous production process
controls statistically analyzed to evaluate risk and verified by analysis. Multiple samples pulled from across the
lot using a random stratified sampling plan were analyzed to verify homogeneity. % RSD results shown above

for the New Lot demonstrate ampoule-to-ampoule homogeneity.

Certficate Page 4 of 10
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Analyte Certification - Mass Balance Purity Factor
Each analyte is thoroughly identified and characterized using an orthogonal approach. A mass balance purity factor
is assigned incorporating chromatographic purity and residual impurities. The mass balance purity factor and salt

adjustment are utilized to calculate the weighing adjustment necessary to ensure accuracy of the solution standard

concentration.
Material Name: Valeryl fentanyl-*C¢ HCI Molecular Weight (base): 370.48
Material Lot: FC10031805 Molecular Weight (salt): 406.94
Chemical Formula: C1813C6H32N20 e HCI Salt Adjustment: 1.098
CAS Number: NA

Material Characterization Summary

Analytical Test Method Results
Prlmar_y Chromatographic Purity by HPLC/UV SP10-0102 99.5%
Analysis . .
SeconQary Chromatographic Purity by GC/FID SP10-0101 99.5%
Analysis
Identity by LC/MS Analysis SP10-0107 Consistent with Structure
0.01% 3¢, vs 3¢
. . N 0.01% 3c, 2.08% 3Cs
Isotopic Purity and Distribution by LC/MS SP10-0107

Analysis

0.00% 13C, to 3C3| 97.90% '3Cq

0.01% 3c,

Identity by 'H-NMR Analysis

USP <761>, SP10-0116

Consistent with Structure

Residual Solvent Analysis by GC/FID Headspace AM1087 ! None Detected
Residual Water Analysis by Karl Fischer AM1346 Below Quantitation Limit
Coulometry
Calculated | Analyzed
C 53.13% 70.69%
Elemental Analysis Outsourced
H 8.17% 8.07%
N 6.88% 7.07%
Inorganic Content by Microash Analysis SP10-0135 < 0.2%
Mass Balance Purity Factor 99.54%

! validated analytical method

* The primary chromatographic purity is calculated as the average of two independently performed analyses
utilizing two different methods. Acceptance criteria requires the purity values to be within 0.5% of each other.
¢ The primary purity method was selected to optimize resolution of impurities while minimizing degradation of the
analyte. Secondary purity methods with orthogonal detector capabilities from the primary purity method are
used as controls to confirm an accurate purity value.
¢ The primary chromatographic purity value is used to calculate the Mass Balance Purity Factor.
¢ A secondary chromatographic purity method is utilized as a control.
¢+ Mass Balance Purity Factor = [(100 - wt% residual solvent - wt% residual water - wt% residual inorganics)

x Chromatographic Purity/100].

¢+ Mass Balance Purity Factor does not include adjustment for chiral and/or isotopic purity.

Cerilliant Corporation, 811 Paloma Drive, Suite A Round Rock, V-075-1ML
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Spectral and Physical Data

HPLC/UV

DAD1 A, Sig=210.4 Ref=off (004-P2-D2-RIV-028 FC10031805.0)
mAl ]

—5.067

350
|

260

2004

1504

1004

3004 |

Column:

Mobile Phase:

Ascentis Express C18, 2.7 ym,

3.0 x 100 mm

A: Acetonitrile

B: 0.1% Phosphoric acid in Water

Gradient: Time (min) % A % B
0.0 10 90
8.0 70 30
10.0 70 30
10.1 10 90

Flow Rate: 0.7 mL/min

Wavelength: 210 nm

Sample Name: FC10031805

GC/FID

i

FIDTA, (U028 P GOBZ0MG0E5 133 BOIZ4RINCA8 FCANBHBDAD)

=
1.07=2

11. 027
15167

19. 757

Acquired: January 22, 2019
Peak # Ret Time Area %
1 1.45 0.03
2 3.71 0.23
3 4.67 0.04
4 4.72 0.03
5 4.84 0.02
6 5.07 99.59
7 6.00 0.06
Column: DB-5ms, 30 m x 0.53 mm ID,

Temp Program:

Injector Temp:
Detector Temp:

Sample Name:

1.5 ym film thickness
40°C to 200°C at 40°C/min

200°C to 300°C at 5°C/min
hold 16 min
Cool-on-Column

325°C

FC10031805

Certficate Page 6 of 10

Acquired: January 25, 2019
Peak # Ret Time Area %

1 11.03 0.05

2 15.17 0.29

3 19.76 0.03

4 21.07 99.53

5 21.73 0.01

6 22.09 0.01

7 22.40 0.01

8 22.57 0.01

9 23.04 0.06
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Spectral and Physical Data (cont.)

Residual Solvent Analysis by GC/FID Headspace

FID1 A, (F002-24-RIV-028 FC10031805 10.16mg D) Column: DB-ALC1 30 m x 0.53 mm,
ol 3 um film thickness
Temp Program: 40°C hold 12 min to 220°C at
40°C/min hold 5.5 min
o Carrier Gas: Helium
Flow Rate: 2.0 mL/min
Detector Heater Temp: 250°C
] Injector: Headspace Sampler
HS Oven Temp: 60°C
Vial Equilibration: 10 minutes
* Sample Name: FC10031805
Acquired: January 23, 2019
" Peak Compound Area Weight %
R _ - N 1 NMP NA NA
N Total ND
— ‘ R ‘ ND - None Detected
0 25 5 7. 10 12 15 175 2 mir|

‘H NMR

Instrument: JEOL ECS 400
Solvent: DMSO0-Dg

abundance

1221903 PROTON-T7.jdf
gnature: File is
= |RAM—028 FC10031802

not signed, printed by sgiuffre (Cerilliant)

10.66

18

193
101

AULJ UIL,,,,...J\. ...J|"|-—J v

.

R:

=

S
098

i
110 10.0 | s.0 5.0 6.0 5.0 A 4.0 )//y{rrk A :I/}\ ‘"/ﬂ }(.0 )\ lL —1.0
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Spectral and Physical Data (cont.)

LC/MS
Column: Ascentis Express C18, 2.7 um, Flow Rate: 0.4 mL/min
3.0 x 50 mm Scan Range: 100-1200 amu
Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) %A %8B Acquired: January 25, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMV-028 FC10031805 Valeryl Fentanyl-13C6 HCI Cone Voltage: 1000000000}
W01251920 558 (2.049) Crm (556:558) 1: TOF MS ES+
100 31L.2111 5.93e5
1 Theoretical [M + H]*: 371.2794
Found [M + H]*: 371.2777
s
372.2814
] 310.2172
0\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\m/z
100 200 300 400 500 600 700 800 900 1000 1100
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Spectral and Physical Data (cont.)

Isotopic Purity by LC/MS SIM

Column:

Ascentis Express C18, 2.7 um,
3.0 x 50 mm

Flow Rate:
Scan Range:

0.4 mL/min
365-371 amu

Mobile Phase: A: 0.1% Formic acid in Water Ionization: Electrospray, Positive Ion
B: Acetonitrile Instrument: Waters XEVO G2 QTOF
Gradient: Time (min) % A %8B Acquired: January 25, 2019
0.0 80 20
0.5 80 20
4.0 20 80
5.8 20 80
6.0 80 20
8.0 80 20
RMV-028 FC10031805 Valeryl Fentanyl-13C6 HCI Cone Voltage: 10.00000000}
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
1004 7172 371.278 0.0500Da
] 1.48e5
=S Area
0:‘ I 1 T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
100~ 152 370.275 0.0500Da
] 3.10e3
S Area
O:‘ L L I 1 T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
100 369.272 0.0500Da
i 60.7
] 1 Area
O:H‘A‘\“H\HH ‘A\&H \A w“‘M\\—‘A_AWM\‘MWHH\HH\A"“AA‘ T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 368.269 0.0500Da
1 26.4
=] A }\ Area
] 0
07““H“\“HA\H‘\/\‘A‘/\\‘A"\H w“‘A\‘/\HA‘\‘A‘A‘M‘“A‘\AHAM\‘AM)‘\\H
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
100 367.266 0.0500Da
] 28.8
e Area
o AT Y N M‘—A—{L\—M‘—M\J‘ N ‘_‘HA_H‘
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
100+ 366.263 0.0500Da
] 9.52
| ] Iy |
0:““/\\“‘)‘\\““ ‘\OHH\AHH\H w‘)\‘ \A“\‘A‘w‘ n\“/\\ T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
W01251920 Sm (Mn, 2x2) 1: TOF MS ES+
1004 365.26 0.0500Da
] 1 25.8
LI ﬂ Area
O:‘ \““\“‘\‘A“‘\““\““\““\“"\‘“‘\““\““\““\““\‘“‘\“‘A‘\““Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00
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Stability

Short term stability studies have been performed under accelerated conditions for a period of up to four
weeks. Short term data is utilized to predict long term stability and to support transport conditions and
normal laboratory use. Real-time stability studies are performed at the recommended storage conditions
over the life of the product.

Short Term Stability: A summary of accelerated stability findings for a related product (V-048-0.5ML,
Valeryl fentanyl HCl) is listed below.

Storage Condition Mean Kinetic Temperature (MKT) Time Period/Result
Freezer -15°C
Refrigerator 4°C . .
No decrease in purity was noted after
four weeks.
Room Temperature 21°C
40°C 40°C

Transport/Shipping: Stability studies support the transport of this product at ambient conditions.

Long Term Stability: Long term stability has been assessed for Freezer storage (-10 °C to -25 °C)
conditions. Stability of a minimum of 21 months has been established through real-time stability studies

Commutability

This standard is a solution of a pure substance in an organic solvent and is a Primary Standard.
This Primary Standard is suitable for use in the preparation of calibrators and/or controls in any
biological matrix. This standard is not in a biological matrix and therefore commutability to
methods or standards in biological matrices does not apply.

COA Revision History

Revision No. Date Reason for Revision
00 March 13, 2019 |Initial version.
Updated Retest Date of April 2020 to January 2021.
01 April 01, 2020 P — P - Y
Added Long Term Stability section.
02 May 05, 2020 Corrected Retest Date of January 2021 to February 2021.
03 January 07, 2021 [Updated Retest Date of February 2021 to November 2021.
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