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Reference Material Certificate of Calibration and Traceability

Potassium Dichromate in Perchloric acid sealed in Far UV quartz cells

Starna Scientific Ltd for use as a linearity and photometric accuracy reference in the UV.

52/54 Fowler Rd
HAINAULT Certificate Number: 9116209

Essex  IG6 3UT Certificate Date:

England Expiration Date: 06 November 2025
Analysis Number: MT06112301

Email: sales@starna.com Set Serial Number: 25002
Cell Serial Number: 66166

Page Number 2 of 3 Blank Serial Number: 68591

Description of Reference Material:
Potassium Dichromate crystals, SRM 935a, are purchased from NIST and solutions are prepared according to the
procedure supplied with the crystals.  The solutions are sealed by heat fusion in high quality Far UV quartz cells.
The sealed solutions are then analyzed and certified for use in assessing the performance of spectrophotometers
in the Ultraviolet region in accordance with the instructions that are issued with NIST SRM 935a.

Certified Values of Reference Material:
The Potassium Dichromate filled cells are measured against an air reference.  The net absorbance values
are listed in the table below.  Under the analytical procedures used, as outlined by NIST in the Appendix NIST
Special Publications 260-54. The combined analytical and instrumental uncertainties at the 95% confidence level (k=2)
is 0.0037 A at 20 mg/l, 0.0045 A at 40 mg/l, 0.0049 A at 60 mg/l, 0.0058 A at 80 mg/l, and 0.0068 A at 100 mg/l.

The reported expanded uncertainty is based on the standard uncertainty multiplied by a coverage factor
k = 2, providing a level of confidence of approximately 95%. The uncertainty evaluation has been carried out
in accordance with UKAS requirements.

Nominal Concentration:
Wavelength: Absorbance Normal Cert.

Potassium Dichromate Blank
350 nm 0.0318

Cell Serial No: 313 nm 0.0329

257 nm 0.0403

235 nm 0.0442

Potassium Dichromate 60 mg/l
350 nm 0.6619 0.6301

Cell Serial No: 313 nm 0.3193 0.2864
257 nm 0.8891 0.8489
235 nm 0.7798 0.7356

06 November 2023
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66166

HAINAULT Certificate Number: 9116209

Essex  IG6 3UT CeCeCertrtrtifificicatate DaDatete:

England Expipipipipipipipipipipipirarararararararararararararatttitttttttt onononononononononononononon D D  D D D D D  D  Date: 06 November 2025
AnAnAnAnAnAnAnAnAnAnAnAnnnAnAnnAnaaaaaalaaaaaaaa ysis Numumumumumumumumumumumumummmmbeb r: MT06112301

Email: sales@starna.com SSSSeSSSSSSSSS t Serial Numbebbebebebebebebebebbebbebebebeber: 25002
Cell Serial Numberererererererererererererer:::::::::::: 66166

Page Number 2 of 3 Blank Serial Number: 686868591

Description of Referrreeenncceeeeeeee      MMMMMMMMMMMMMMMMMMMaterial:
Potassium Dichromate cryryrystststaalals,s, S S S S S S S S S S S SRMRRMRMRMRMRMRMRMRMRMRMRMRRRRR  935a, are purchased from NIST and solutions a a a a a a a a a a a a a a a a a a arererererererererererer  p p p p p p p p p p p p p p p preparered d d acacaccording to the
procedure supplied wititith h h thththee crcrcrcrcrcrcrcrcrcrysysysysysysysysysysysyysystals.  The solutions are sealed by heat fusion in hihighgh qualililililililililitytytytytytytyttytytytytyty Far U UV V V ququq artz cells.
The sealed solutionsnsns a a arere t thehehehehehehehehehehehennn n n nnnnnnnnnnnnn analyzed and certified for use in assessing the pepeperfrfrfrfrfororo mamance of spepepepepepepepepepepepepepepectrophphotototomomo eters
in the Ultravioletetet r r reegegioion n inininininininininininin accordance with the instructions that are issued wiwiwiwiw ttht  N NISISTT SRM 935a5a5a5a5a5a5a5a5a5a5a5a5a5a5a............

Certiffiiieeedddd VVVaaaaaaaaaaaaaaaaalllllllllllllllllues of Reference Material:
The PoPoPottatatassssiuium m m m m m m mm m m m mm DDDichrororororommate filled cells are measureded againininininininsssststst an aiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaaiaiaiaiaiaaiaiaiaairr r rr r r r r r r r r rr rr r rr r rr rereffference.  The net ababsorbrbance v v v v v v v v vaaaaluesssssssssssss
are e lililisststeded i in n n n n n n n n n n n n n n nn tttthttttt e table bbbbbebelow.  Under the analytytytytical p p p procedudududududuurrrrereres uuuusususususususuuusususususususuuuuuuuusuusususuu eed, , , as outlined bybybyby NIST in the Appppppppppppppppppppeeeendidididididididididididididididididididididididididixxxxx xxxxxxxxxxxxx NIST
SpSpSpSpececiaial PuPuPuPuPuPuPuPuPuPPuPPP blications 260-54. The comomomomomommmmmbineneneddddd dd d d d dd analytical and i i i i i i i i i i i i i innnnsnsnnnnnnn trtrtrtrtrtrtrumumumumuumumeneneenenenentatatatatatatal l ll l l unununununununcececececcertrtrtrtrtaiaiaiaiaintntntntntntieieieieieieiess s s s s atatatatat t t t t t thehehehehe 9 9 9 9 9 95%5%5%5% c c c conoonononononononononfiddededededededededence lelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelevvvvvvevevvvvvvvvvvvvvvvv llllll l l l l l l l l l l l (k(k(k(k(k(k(k(k(k(k(k(k(k(k=2)
isis 0 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0000000303000000000 7 A at 20 mg/l, 0.0045 A at 444040404040404040 mg/g/g/g/g/g/l,ll,l,l, 0.0049 A atatatatatatatatatatatatatatatat 6 6 6 6 6 6 6 6 6 6 6 6 6 6 60 00 0 mgmgmgmgmgmgg/l, 0.0058 A at 80 mg/l, and 0.0068 8 8 8 8 AAAA atatatatatatatatatat    10000  m m m m m m m m m m mg/l.

The reported expanded uncertainty isisisisisisisisis     basededededededededed on the e e e e e e e e e e e e e e e e ee ee e e e sststananddaarrrdrdrd u u u u unnnnnncnnnnncncertatatatatatatatatataininininininintytytytyty m m m mulululululululultitititititiplplplplplplplplieieieieieieied d d d d d d bybybybybybybyby a a a a a c c c c covovovovovovereerereeragagagage e e e fafafafafafafafffaffafffafactooooorororororororororooroorororooorororoooo
k k k k k k k k k k k k k k = ============= 2, providing a level of confidencecececececececece     of apapapapapapppppppproximatatatatatatatelelelelelelelelelelelelelelelelelely y yyyyy yyy yyyyyy 9595595%%%. T T T T T T T T T Thehehehehehehehehehehhehehehehehehehehehehehehehehehe u  u       u u uncertainty evaluation has been c c c c c c c c carriririririririririririririririririririedededededededeededededededeedededededededeedeededeededeeedededededeedededededeededededededed o o o o          out
in accccccccccccccccccccccccccccccordance with UKAS requiremenenenenenenenenenenenenenenenenentstststststs.

NoN minal CoCoCoCoCoCoCoCoCoCoCoCoCoConcentratioioioioioioioioioioioioioioionnnn:n:n:n:n:
Wavvvvevevevevevevevevevelelelelelelelelellellellellengnggngnggngngggnggthththttthtthththththththththththththththththttththththtththththththttthththththththththththththththththththth::::::::::::::::::::::::::::::::::: AbAbAbAbAbAbAbAbAbAbAbAbAbAbAbAbAbAbAAbAbAAbAbAbAbAbAAbAbAbAbAbbAbAbAbbAbAbAAbAbAAbAAAAbAbAbAbssossssososososososososososososs rbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrrbrbrbrbrbrbrbrbrbrrbaanaaanananananaanananananaanaancececccececececececece NoNoNoNoNooNormrmrmrmrmrmal C C C C C C Cererererererereererererererereereereererererert.tt.t.tt.t.tt.t.t.t.

PoPotatatassssiuium Dichromamamamamamamamamamamamamate Blank
350 nm 0.0318

Cell Seriaial l l NoNoNN :: 313 nm 0.0329

257257257 nm 0.00.0. 40340

235235 nm nm 0.0442

Potassium Dichromamaatetete 6 6 0 0 mg/l
350 nm 0.0.00.0.0.60.0.0.0.0.00.0.0. 619 0.6301

Cell Serial No: 313 nm 0.3193 0.2864
257 nm 0.8891 0.8489
235 nm 0.7798798 0.7356
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66166
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Set Serial Number:
Certificate Number:

Calibration Date:
Analysis Date::

Certifying Instrument Qualification: Duration of Certificate:
All calibration is performed on one of a series of reference This certification is valid for a maximum period of two
spectrophotometers.  The instrument is tested and confirmed to years from the date of issue or sooner if specified by
perform to the manufacturers written specification over the the user's own protocols.
analytical range used for the reference material certification.
The following references and procedures are used in the Re-certification Procedure:
quality performance procedures relating to the qualification of
the spectrophotometer performance: All reference materials are originally certified and

supplied in a useable condition.  There is no warranty
Absorbance: NIST SRM 930e & 1930, Double Aperture method. for fitness beyond initial receipt by the customer.
Wavelength: NIST SRM 2034, Emission lines of mercury & deuterium. When references need to be re-certified or inspected
Stray Light: NIST SRM 2032, KCl, KI & lithium carbonate. for any reason, customers should return them to the
Resolution: Benzene vapour, half width of deuterium 656.1 nm line. Starna ISO/IEC 17025 & 17034 accredited calibration

laboratory, where all previous data are collated.
On receipt by Starna Scientific the references are
measured "As Received" before cleaning under the

The conditions of analysis used to generate the certified re-certification procedure.  "As received" data are
values on this certificate are as listed in the chart below: available on request.

Material: Sealed Potassium Dichromate cell

Reference:
Scale: Absorbance Reference (s) should always be stored in the box
Range: 235 nm to 350 nm provided and handled with extreme care. References are
Slit width: 1.0 nm fragile and should be inserted and removed from the
Temperature: 23.5 +/- 0.5  ºC instrument taking care not to twist or apply leverage

against the cell holder, as this may crack the reference.
Damage in the form of scratches or contamination may
alter the certified values significantly such that they

Determine the Absorbance of each cell against the supplied need re-certifying or even complete replacement. For
blank at each of the four listed wavelengths. Repeat several cleaning see the guidance notes at the back of this
times. To assess photometric accuracy, compare the net booklet.
Absorbance reading at each concentration and wavelength to
the published value on the certificate. The absolute Calibration performed by:
difference between the mean measured value and the certified
value will not exceed the sum of the certified uncertainty
and the specified accuracy of the instrument, if the instrument
is performing correctly. S. P. Beaird

Calibration Technician
Instrument Dependencies: Approved Signatory:

The instrument must be designed to be used in the ultraviolet
region down to 230 nm and have a spectral bandpass of 1.6 nm
or less. Consult your instrument owners manual for this A. Wakelin CSci CChem MRSC
information. Calibration Manager

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical
Laboratory or other recognised National Metrology Laboratories. This certificate may not be reproduced other than in full except with
the prior written approval of the issuing laboratory.

Storage and Care:
68591

Instructions for Use:

25002
9116209
06 November 2023
06 November 2023

Calibration Method:

UKAS Accredited Calibration Laboratory No.
0659

All calibration is performed on one of a series of reference This certification is valid for a maximum period of two
spectrophotometers.  The instrument is tested and confnfirirmem d to yeyears from the date of issue or sooner if specified by
perform to the manufacturers written specification o ovever theeeeeeee ththe e usu er's own protocols.
analytical range used for the reference material c cerertificacacacacacacacacacacacacatitititititititititititititition.
The following references and procedures are e usused in n n n n n n n n n n n n n ththththththththththththe RRRee-cerrttification Procedure:
quality performance procedures relating toto t the q q q q q q q q q q q q q q q quauauauauauauauauauauauauauauau lification of
the spectrophotometer performance: All rererererererererererererererefefefererence mamateterials are originally certified and

suppliedededededededededededededededed i i i i i i i i in n a a useablble e condition.  There is no warranty
Absorbance: NIST SRM 930e & & 1930, DoDoDoDoDoDoDoDoDoDoDoDoDoDoDoDouble Aperture method. for fitness bebebebebebebebebebebebbbeyoyoyoyoyoyoyoyoyoyoyoyoyoyoyoyoyoyoyondn  inititialal receipt by the customer.
Wavelength: NIST SRM 2030344, Emissssssssssssssssssssssssssssssssioioioioioioioioioioioioion lines of mercury & deuterium. When refererenenceces s s s s s s s s s s s s s s nenenennnnnnnn ed to bebe re-certified or inspected
Stray Light: NIST SRMRM 2 2032, K K K K K K K K K K K K K K KCClClClCCClClCClClCCC , KI & lithium carbonate. for any y y rerereasonon, custstststststststststststststomomomomomomomomomomomomomere s shshouould return them to the
Resolution: Benzenene e vapourururururururururururururur, half width of deuterium 656.1 nm line. Starnanana ISOSO/IECEC 17025252525252525252525252525 & & & & & & & & & & & & & 1703434 a accredited calibration

lalalalabobobob ratoryry, whwhere all prevevevevevevevevioioioioioioioioioioioioiousu  data arare collated.
OnOn receiptpt by y Starna Scientififififififififififififific c c cc c c c cc c c the refefererences are
mememememeasasasasurururedededededededed " " " " " "AsAsAAsAsAsAsAs R R R R R R Rececececeieieieieieieiveveveved"d"d"d"d"d"d"d"d" b b b b b b b b b befororororororororororore e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e clclclclclclclclclclclclclclclclclclclcleaeaeaeaeaeaeaeaeeeaeae ninininingnngng u u u undndndnderererer t t thehehe

The condititioions o of f f f f f f f f f f f f f f f aaaananaaaanaa alysis u u u u u used to g generate the certified re-certification procedurererererererere.  "AAAsAsAsAsAsAsAsAsAsAsAsAAsAsAAsAsAAAsAsAsAsAsAsAAsAsAAsAsAsAA  received" data are
values o onn this c c c c c c c c c c c c c c c ceeertificate are as lilisteded in thththththththththththththe chchaararararara t bebelolow: avavavavavaiaiaiailalalalalablblblblblble e e e onononon r r r r reqeqeqeqeqeqeqequeueueueststststst....

Mateterial:::::::::::::: Sealed Potassium D D D D Dicicicicichromomomomomomomomomate cellllllllllllllllll

Refeferencnce:ee:e:e:e:e:e:e:e:e:e:e:e:
Scalale: Absorbance ReReference e (s) ) shshould always be stored ininininininininininininininin t t t t t t t t t t t t t t t thehe b b box
Rangnge: 235 nmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnm t t t t t t t t t t t t t t t t t t to o o o o o o o o o 353535353535350 0 0 0 0 0 0 0 nmnmnnmnmnmnnmnmnmnmnmnmnmnmnmnmnmnmnnmnnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnmnm prprovovovovovovovovovovovovovovovovovovovididididididididididididedededededededededededededededededededed a andndndndndndndndndndndndndndndndndndndndndndndndnd h h h h h h h h h h h h h hanananananananananananananananananananananananananananananananananandldldldldldldldledededededededed w w w w w w w w w w w w w w w w w wititititititititititititititititititititith h h hh h h h exexexexexexexexexexextrtrtrtrtrtrtrtrtrtrtremememememememememememememememememememememememememememememememememememememememe ee e e e ee eeee e e e e e e e e e e cacacacacacacacacacacacacacacacacacacacarerererererere. . . ReReReReReReReRefefererererererererererererererencncncncncncncncncncncncnceses a a a a a a a a arerererererererere
Slit w wididth: 1.0 nmnmnmnmnmnmnm frfragagagagagagagagagagagagagagagagagagagagagagagagagagagilililililililililililililililililililileeeee e eee e e ananananananananananananananananananananananananananananananananananananananand d d d d d d d d d d d d d d d d d d d d d d dd d d d d dd d d d dd shshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshsshshououoouououououououououldldldldldldldldldldldldldldldldldldldldldldldldldldldldldldldldldldld b b b b b b b b b b b b b b b b b b b b b be e e e e e e e e e e inininininininininininininininininininininininssesesesesesesesesesesesssesesesesesertrtrtrtrtrtrtrtrtrtrtrtrtrtrted andndnndndndndndndndndndndndndndndndndndndndndndndndndndndndndnd r r r r r r r r r r r r remememememememoovovovovovovoveded frororororororororororororororororororororororororororom mmm mmm mmmm mmm ththththththththththththththththththththththththeeeeeeeeeeeee
Temperataturure: 2323232323232323232232323232323.5 + + + + + + + + + +/-/-/-/-/-/-/-/-/-/-/-/-/-/-/- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5  ºC inininininininininststststststststststststststststststststststststrurururururururummemememememementntntntntntntntntntntntntntntntntntntntntntntntntntnt t takakakakakakakakakakakakakakakakakakakakakakakakinininininininininininininininininininininingg ggg gg g g cacacacacacacarererererere n n n n n n n n n n nototototototototototototototototototototototototot t t t t t t t t to twtwtwtwtwtwtwtwtwtwtwtwtwtwtwisisisisisisisisisisisisisisisisisist t t t oror a a apppply l l l l leveveeragagee

agagagagagagainst ththe cellll holder, as thththththththththththththisisisisisisisisisisisisisis m mayayay c crack t thehe reference.
DaDaDamam ge i in the e form of scscscscscscscscscscscscscscrarararararararatctchehehes s or conontatammination may
alalteter r thththththe cececertififieied d valulululululululululululululululueseseseseseseseseseesee  sigigignninifificacantn lyly s sucuch ththatat theyy

Determine the Absorbrbana cece o o of f f eaeaeachchchchchchchchchchchchchch c c c c c c c c c c c c cell against the supplied need re-cececertrtrtififyiyingngngngngngngngngngng o o o o o o o o o o o o or r evevenenen c c completete rereplplacemenent.t. F For
blank at each of the fouour r lilisteded w wavavavelelelelelelelelelelelelenenenenenenenenenenenenenengths. Repeat several cleaning seeeeeeeeeeeeeeeeeeeeeeeeeeee t t t t t t t t t t t t thehehehehehehehehehehehe g g g g g g g g g g g guiuidadadancnce notetes s at thehe back of this
times. To assess photometrtricic accuracacy,y,y, c c c c c c c c c c c comomomomomomomomomomomoomompare the net booklet.
Absorbance reading at each c cononcentratitiononon a a a a a a a a a a a andndndndndndndndnndndnndnd wavelength to
the published value on the certifificacatete. The e abababsososososososososososososososolululululululululululululute CaCaCaCaCaCaCaCaCalililililililililililililibbbrbrbrbbbbb ation n ppeperformemed d by:
difference between the mean measurureded value a a andndndndndndndndnd t t t t t t t t t t t t t t thehhhhhhhh  certified
value will not exceed the sum of the cerertitified uncncerere tatatatatatatatatatatatatataininininininininininininininty
and the specified accuracy of the instrumementnt, , if the i insnsnstrtrtrtrtrtrtrtrtrtrtrtrumumumumumumumumumumumumumumument
is performing correctly. S. P P. . BeBeaird

CaCalilibration Technician
Instrument Dependencies: Approved Signatory:

Th inst nt t be d ig d to b ed i th ultr iolet

SSSSSSSStttttttttoooooorrrrrraaaaaagggggeeeee aaaaannnnnndddddddd CCCCCCCaaaaaaaaaaaaareeeeeeeeeeeeeee:::::::::
68591

Instructiioonns forr UUUUUUUUUUUUUUUsssssssssssssssseeeeeeeee:

Calibrationn MMetttttttttttttttthhhhhhhhhhhhhhhod:



Reference Material Certificate of Calibration
and Traceability

Starna Scientific Ltd Holmium oxide in perchloric acid sealed in a quartz cell
52/54 Fowler Rd for use as a wavelength accuracy reference in the UV
HAINAULT and visible spectrum.
Essex  IG6 3UT
England Set Serial Number:
Tel. +44 (0)20 8500 1264 Cell Serial Number:

Certificate Number:
Email: sales@starna.com Certificate Date:

Expiration Date:
Analysis number: MT06112301

Page Number 2 of 3

Description of Reference Material:
This reference material consists of an aqueous solution of 4% holmium oxide in 10% perchloric acid which is
permanently sealed by heat fusion in a high quality far UV quartz cell. The reference material is designed for the
verification and calibration of the wavelength scales of visible and ultraviolet spectrophotometers having nominal
spectral bandwidths of 3 nm or less.

Certified Values of Reference Material:
The holmium oxide filled cell is measured in the absorbance mode against an air blank, over the wavelength range
of 660 to 230 nm. For each spectral bandwidth, a baseline correction is performed with an empty cell holder.
The 14 maximum absorption peaks are identified and certified to be within the expected wavelength range tolerance
for each spectral bandwidth (SBW), as specified by the NIST reference control.

The combined analytical and instrument uncertainties at the 95% confidence level is 0.11 nm.

The reported expanded uncertainty is based on the standard uncertainty multiplied by a coverage factor
k = 2, providing a level of confidence of approximately 95%. The uncertainty evaluation has been carried out
in accordance with UKAS requirements.

SBW Wavelengths in nanometers of peak maxima as referenced to air, +/- 0.11 nm

0.10 640.41 536.42 485.20 467.78 452.02 416.02 385.36 361.27 345.46 333.48 287.03 278.15 249.78 240.97

0.25 640.41 536.43 485.21 467.79 451.98 416.04 385.39 361.27 345.45 333.47 287.04 278.15 249.79 240.98

0.50 640.43 536.45 485.21 467.80 451.91 416.07 385.45 361.27 345.43 333.47 287.08 278.15 249.81 241.02

1.00 640.50 536.56 485.23 467.82 451.45 416.25 385.61 361.25 345.38 333.48 287.22 278.13 249.89 241.12

1.50 640.62 536.71 485.26 467.86 451.33 416.42 385.70 361.18 345.38 333.49 287.40 278.11 249.98 241.13

2.00 640.79 536.86 485.25 467.90 451.32 416.57 385.80 361.12 345.42 333.47 287.52 278.10 250.03 241.12

3.00 641.15 537.21 485.21 468.11 451.36 416.89 386.00 361.11 345.53 333.47 287.57 278.05 250.07 241.04

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical
Laboratory or other recognised National Metrology  This certificate may not be reproduced other than in full except with the prior written
the prior written approval of the issuing laboratory.
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Tel. +44 (0)20 8500 1264 Cell Serial NuNumbmberer::

Certificatate e NNumbmbmbmbmbmbmbbmbmbmbmbmbmbmbererererererererererererererer:::::::::::
Email: sales@starna.com Certifificicate DaDaDaDaDaDaDaDaDaDaDaDaDaDaDatetetetetetetetete:

ExExpipirationononononononononononononon D D D D Date:
AAnalysysysysysysysysysysysysysysysysisisisisisisisisisisisisisisis number: MTM 0611112301

Page Number 2 of 3

Description of Refereennce MMMMMMMMMMMMMMMMaterial:
This reference material consnsisists of f f f f f f f f f anananananananananananananan aqueous solution of 4% holmium oxide in 1 1 10%0% p perchchcchchchchchchchchchchchchchlololoric acidid which is
permanently sealed by heheatat fusioioioioioioioioioioioioioioionnnn in a high quality far UV quartz cell. The refefeferererencnce mmaterialalalalalalalalalalalalal i i i i i i i i i i i is s designgneded for the
verification and calibibraration o o o o o o o o o o o o of f f f f f f f f f f f f f f f the wavelength scales of visible and ultraviolololetetet spectctrophphotometererererererererererererers s s s s s s s s s s s s hah ving n nominal
spectral bandwidthths s of 3 n n n n n n n n n n n n n n nmmmmm mmmmm or less.

Certifieedd Vaaaaaaaaaaaaaalllllllllllllllluuuuuuuuuues ooooffff Reference Material:
The holmlmium oxoxoxoxoxoxoxoxoxoxoxoxoxoxoxide filled c c celelell l l isisis m meaeasusurerererereredddd d in t t t t t thehehehehe a absbsbsororbababancnce e momomomomomomomomodedede a a agagagagagaininininstststst a an n aiaiair r blblblblananank,k,k,k,k, o ovever r thththe e wawawawavevevevevevevevelengngngngngngngngngngngthththththththththththththththththththththththththththththththththththth r r r r r r r r r r r r r r r r r r r r r r rananananaananaaaanananananananananangegege
of 66060 to 232323232323232323232323230 0 0 0 0 0 0 0 0 0 0 0 0 0 nm. For each spectral bandndndndndwwwwwidth,h,h,h,h,h,h,h,h, a baseline cocococococococococorrecececececection is performed with an empty cccececellllllllll h h h h holdedededededededededer.
The e 14 m m m m m m m m m m m m m m m maaxa imum absorption peaks are ididididididididentifififififififified and c cerererererererererertititifieded too o o o o be w w w w w w w w w w witititititititithihihihihihihhin n n n n n n n ththththththe e e e e e e e exexexexexexexpepepepepepepepepectctctctctctctctededededededed w w w w w w w wavavavavavavavelelelelelelenenenenenenenenenenggggtgtgtgtgtgggg h rarararararararange e e e e e e e e e e e e e e e e e tototototototototototoleranceeeeeeeee
for eachchchchchchchchchchchchchchchchchchch spectral bandwidth (SBW), as spspspspspspspspspecifieieieieieieieieied by t t t t thehehehehehehehehehehehhhehhehehe NISTT rerererefefefefefefefefefefefeferencncncncncncncncncee ee e e cocococontntntntntrororororol.l.l.l.l.l.l.

The e combmbinininininininininininininininedededededeedededededededed analytical and instrument uncertatainties at thththththththththththththe e e e e e e ee e e e e e e 959 % coconfnfnfnfnfnfnfnfnfididididididididenenence l l l l l l levelelelelelelel i i i i i i is 0.0.0.0.0.0.0.11111111111111 nm.

The rerepop rteded e expxpx ananananananananananananananded unceccceccececececerrrtrtrtrtrtrtrtrtrtrtaaaiaiaaiaaiaaaaiaaiaaa ntntntntntnty isisisiiisisisisisisiisisisisisiisiiisisisiiisiisisisiisisisisisisisisisisis b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b basasasasasasasaasasasaasaaaaaaaa ededededededededededededededed o o o o o o o o o o o o on n nnn n nn n n nnn n n n n nn n nn nnn n nnnnn nn nn n n n n nn n n thththththththththththththththe stststststststststststststststststststaaaaaaaandadadadadadadadadadadadadadadadadadadadadadaaardrrrdrdrrdrdrrdrdrdrdrrrdrrdrrdrdrdrdrrdrdrdrdrdrrdrdrdrrdrdrdrdrd u u u u u u u u u u  unccncncncncncncncncncncncnccncnceeeererererererereerereeererereeerererererererererererererertattatatatatatatatatattattattattttttat ininininininty m muuuuluuululululululuu titititititititititititititititititititititititipplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplplppplplplieieieieieieieieieieieieieieieieieieieieieieieieiieieieiieieied d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d bybybybybybybybybybybybybybybybybybybybybbybybybbybybybbybbbybbbybybybybybbbybbbbb  a a a a a a a a a a a a a a a a a a a a a a a c c c c c  c c   c c c c c coovovovovovovovovovovovererererererererereragagagagagagagagagagagagagagagagagagagagagagagagagagagagagagagageeeeeee e e ffafafaffffafafafafafafafafafafafafafaffafff ctctctctctctorororororororororororororororororororororor
k = 2, p prorovidingg a a a l leveveveveveveveveveveveveveve eleeleeleeleeleeele  of coccocccocococococococccococcococcocococonfnfnfnfnfnfnfnnfnfnfnfnnnfnfnfnfnfnfnfnfidencececececececececececececececececececece o o o o o o o o o o o o o o o o o o o o o off f f f ff f f f f f apaapapapaapapapapapapprprpprprprprprprprproxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxooxoxoxoxoxoxoxoxooximatatatatatatatatatatatatatatatatatateleeeleleleleleleleeeelelelelelelelelyy 959595955555595595959595%%%%%%.%%%%%%%%%%%%%  Thehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehe u u u u u u u u u u u u u u u  u u u u u u u u u u u u u u u u uncncncncncncncncncncncncncncncncncncncncncncncncnncncncncn erererererererererertatatatatatatatatataininininininininininininininininininininininintytytytytytytytytytytytytytytytytytytytytytytyttyty e e e e e e e e e e e e e e e e e e evavavavavavavavavavavavavavavavavavavavavalulululululululululululululululululululululululululululululululululluluatatatatatatatatatatatatatatatatatatioioioioioioioioioioioioioioioioioioioioion nn n n nnn nn n n n nnn n n n nn nnnn n n n hahhahhahahahaahahahas s s s s ss s s s bebebebebebebebebebebebebebeeneneneeneneneneneneneneneeneneneenenenenenen c c c c c c c c c  c c c c c c c c c c carririririririririririririririeeededededededededededeeedeedeedededededeeeee    o ututut
in accordadancnce withth U U UKAKAKAKAKAKAKAKAKAKAKAKAKAAAS SSSSSSSSSSS requirements.

SBW Wavelengngthths in n nanananomomomomomomomomomomomomomomometers of p peak maxima as referenced to air,r, + + +/- 0 0.1.11 1 nmnm

0.10 640.41 536.42 484 5.20 46467.7.7.7.7.7.7.7.7.7.7.7.7.7.78787878777878787878 452.02 416.02 385.36 361.27 345.46464646464646464646 333333333 3.4848 287.0303 278.15 249.78 240.97

0.25 640.41 536.43 485.21 467.79 45454545454545454545454 1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.98 416.04 385.39 361.27 3345.4545 333.47 287.04 278.15 249.79 240.98

0.50 640.43 536.45 485.21 467.7.8080 451.9191 414141414141414141441414141416.07 385.45 36361.27 34345.43 33333.47 287.08 278.15 249.81 241.02

1.00 640.50 536.56 485.23 467.82 451.1.4545 416.6.252525 38383838383838383838383838385.61 36361.25 34345.38 333.48 287.22 278.13 249.89 241.12

1.50 640.62 536.71 485.26 467.86 451.33 41416.6.4242 385.70 36361.1.18 345.38 333.49 287.40 278.11 249.98 241.13
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Cell Serial Number:
Certificate Number:
Calibration Date:
Analysis number: MT06112301

Certifying Instrument Qualification: Duration of Certificate:
All calibration is performed on one of a series of reference This certification is valid for a maximum period of two
spectrophotometers.  The instrument is tested and confirmed to years from the date of issue or sooner if specified by
perform to the manufacturers written specification over the the user's own protocols.
analytical range used for the reference material certification.
The following references and procedures are used in the Re-certification Procedure:
quality performance procedures relating to the qualification of
the spectrophotometer performance: All reference materials are originally certified and

supplied in a useable condition.  There is no warranty
Absorbance: NIST SRM 930e & 1930, Double Aperture method. for fitness beyond initial receipt by the customer.
Wavelength: NIST SRM 2034, Emission lines of mercury & deuterium. When references need to be re-certified or inspected
Stray Light: NIST SRM 2032, KCl, KI & lithium carbonate. for any reason, customers should return them to the
Resolution: Benzene vapour, half width of deuterium 656.1 nm line. Starna ISO/IEC 17025 & 17034 accredited calibration

laboratory, where all previous data are collated.
On receipt by Starna Scientific the references are
measured "As Received" before cleaning under the

The conditions of analysis used to generate the certified re-certification procedure.  "As received" data are
values on this certificate are as listed in the chart below: available on request.

Cell Pathlength: 10 +/- 0.01 mm
Cell Material: Spectrosil Quartz
Reference: Air

Reference (s) should always be stored in the box
Scale: Absorbance provided and handled with extreme care. Filters are
Range: 660 nm to 230 nm fragile and should be inserted and removed from the
Slit width: Multiple instrument taking care not to twist or apply leverage
Temperature: 23.5 +/- 0.5  ºC against the cell holder, as this may crack the filter.

Damage in the form of scratches or contamination may
alter the certified values significantly such that they
need re-certifying or even complete replacement. For
cleaning see the guidance notes at the back of this

Carefully insert the holmium filled cell into the cell holder of booklet.
your instrument, touching only the frosted sides or by holding
the top of the cell. The cell is fragile and should always be
handled with care. Leave the reference cell holder empty as Calibration performed by:
all measurements are to be made against air. In the
Absornbance mode, scan to find the peak maxima and then
compare them to the certified wavelengths on
this certificate as indicated for the spectral bandwidth (SBW)
used by your instrument. If you find any significant S. P. Beaird
differences, it is recommended that an approved Calibration Technician
manufacturer's representative inspects the instrument to
determine the source of the difference. Approved Signatory:

Instrument Dependencies:

The instrument to be tested should have a SBW not A. Wakelin CSci CChem MRSC
exceeding 3 nanometers.  Consult the instrument owners Calibration Manager
handbook for this information.

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical
Laboratory or other recognised National Metrology Laboratories. This certificate may not be reproduced other than in full except with
the prior written approval of the issuing laboratory.

Storage and Care:

Instructions for Use:

66696
9116210
06 November 2023

Calibration Method:

UKAS Accredited Calibration Laboratory No.
0659

spectrophotometers.  The instrument is tested and confirmed to years from the date of issue or sooner if specified by
perform to the manufacturers written specification over ththee the user's own protocols.
analytical range used for the reference material certifificacation.
The following references and procedures are useded i in the Re-cceertification Procedure:
quality performance procedures relating to thehe q qualifififififififififififififificacacacacacacacacacacacacacac tion of
the spectrophotometer performance: AlAlAAAAAAlAAAAAAAA l l l rereference e materials are originally certified and

suppppppppppppppppppppppppppppppppliliededed in a ususeaeable condition.  There is no warranty
Absorbance: NIST SRM 930e & 1930,30, D Double Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Aperture method. for fitntntntntntntntntntntntntntntneseseseseseeeseeeseesess s s bebeyond i ininitial receipt by the customer.
Wavelength: NIST SRM 2034, EmiEmission linlinlinlinlinlinlinlinlinlinlinlinlinlinlinlines of mercury & deuterium. When refefefefefefefefefefefefefefererererererererererererererenenenceces needed t to be re-certified or inspected
Stray Light: NIST SRM 2032, 2, KCl, K, K, K, K, K, K, K, K, K, K, K, K, K, KI &I &I &I &I &I &I &I &I &I &I &I &I &I &I &I & lithium carbonate. for any reasasononononononononononononononononon, cucucucucucucucucucucucucucucustomerers s should return them to the
Resolution: Benzene vapoapour, half lf lf lf lf lf lf lf lf lf lf lf lf lf wiwiwiwwidwiwiwiwiwwwiwiwww th of deuterium 656.1 nm line. Starna ISOSOSO/IECEC 17070707070707070707070707070702525 & 1707034 accredited calibration

laborararatototoryry, whwhere all prprprprprprprprprprprprprevevious d datata are collated.
OnOnOn r r receiptpt by Starna Scicicicicicicicicienenenenenenenenenenenenentitific the e rereferences are
mmmemem asureded " "As R Received" befefefefefefefefefefefefeforororooooo e cleaniningng under the

The conditionsns o of analalalalalalalalalalalalalysysysysysysysysysysysysysyy is u u u u u u usesesesed d d d totototo g g g g g g genenenenerererereratatatate e e e ththththe e e e cecececertrtrtrtrtifififieieieieieddddd rererere-c-c-c-c-cererererertititititifififificacacacacatititititiononononon p p p p p prororororocececececedudududurererererere. . . . . . . .  "AsAsAsAsAsAsAsAsAsAsAsAsAs r r r r r r r r r r r r recececeieiveved"d" d data a are
values on ththisis certitititititifififififififififififififififificate arererererere as listed in the chart below: available on request.

Cell P Patathlengtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgth:h:hh:h:h:h:h:h:h:h:h:h:h:h:h: 10 +/- 0.01 mm
Cellll M Matererererererererereriaiaiaiaiaiaiaiaiaiaiaiaiaiaiaial: Spectrosil Quartz
Refefererererererererererererererencncncncncncncncncncncncncncnce: Air

Reference (s) should alwaayayayayayayays bebebebebebebebebebebebebebebebebebbebebebebebebebebebebebebebebebebebebebebebebebe s s stored in the box
Scalale: Absorbance prprprprprprprprovovovovovovovovovidididididididididedededededededededed a a a a a a a andndndndndndndndnndndnd h h h h h h h h h hanananaanananandldldldldldldldldldlededededededeedededed w w w w w w witititititititititititititititithhhh h hhhhhhhh extrememememememememememememememememememememememememememe e e e ee e e e e e e e e e e e e cacaccacacacacacarerererererere. . FiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiltltltltltltererererers s s ararareee
Rangnge: 660 nm to 230 nm frfraagile anandd shshouould be inserted and removovovovovovovovovovovovovo ed f frorom the
Slitit w width: Multipipipipipipipipipipipiplelelelelelelelelelelelelelelelelelele ininststststststststrururururururururururururururururururururururururumememememememememememememememememmememmemememememememememeememememementntnnnnnn  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 t t t t t t t takaakakakakakakakakakakakakakakakakaaaakakakaakakakakakakakakakininininininininininininininininininininininininininininininininininininininining g g g g g g gg g g g g g g g g g cacacacacacacacacacacaccacarerererererererererererere n n n n n n n n n n n n n n n n n n n n n n n n n n n nototototototototototo  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 to o o o o o o o o o o twtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisisist t t t t t t t t t t t t t t t t t t t t t t t t orooororooorororoororoorooorororororororororororororororororor a a a a a a a a a appppppppppppppppppplylylylylylylyly l l l l l l l l l l l levevererererererererererererererereragagagagagagagagagagagagagagagagagagagagagagagagagagee
Tempereratature: 23222 .5 + + + + + + +/-/-/-/-/-/- 0 0 0 0 0 0 0 0 0 0 0 0.5.5.5  ºC agagagagagagagagagagagagagagagaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaaiaiaiaiaiaiaiainsnnnsnsnsnsnsnsnsnsnsnnnsnnnsnsnnsnnnnnnnsnsnnnn t t t t t t t thththththththththththththththththththththththththththththththththththththththe e e e ee e e ee e e ee e e e e e e e e e e e e e e e e e e e e cecececececececececececccecc llllllllllllllllll h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h hololololoololololoolololololoololdededededededededededededer,r,r,r,r,r,r,r, a a a a a a a a a a a a a a a a as s s s s s s ththththththththththis m maaayayayayayayayayayayaayaaayaayayayayayaaa  crararacckckckckckckckck t the f f f f f f f f f f f f f f f f f f f f f f f filililililililililililililililililililililililteteteteteteteteteteteteteteteter.r.

DaDaD mage i in ththe e form of scratchehehehehehehehehehehehehehes oror c c coontaminanatition may
alalalalalalteter the cecertififieied values sigigigigigigigigigigigigigignninininininnnninnn fificacacantntly sucuch h ththat they
neededed r r re-cecertififyiying or evevevevevevevevevevevevevevenenenenenenenenenenenene  c comomomplplete rereplplacement. For
cleaeaniningngngng s seeeeee t thehe guidadadadadadadadadadadadadadadadadancnce e nnonotes atat t thehe b bacack ofof t thihiss

Carefully insert the h hololmim umum f f filililleled d d d d d ceccecececececececececececell into the cell holder of booklet.
your instrument, touchining g ononly thehe f f frorostststststststststststststststedeee  sides or by holding
the top of the cell. The cell isis f fragile a andndnd s s s s s s s s s s s s shohohohohohohohohohohohohohould always be
handled with care. Leave the refefererence c celelell l hohohohohohohohohohohohohohoholdldldldldldldldldldlder empty as Calibrbrbrbrbrbrbrbrbrbrbrbraaaatataaa ion pepeperfrfrfoormed d byby:
all measurements are to be made agagaiainst air.r. I I In n ththththththththththththththththe
Absornbance mode, scan to find the p peaeak maxiximamam  a a a a a a a a a a a andnndndndndndndndndndnndndndnd then
compare them to the certified wavelengthths s on
this certificate as indicated for the spectral b banandwidthth ( ( (SBSBSBSBSBSBSBSBSBSBSBSBSBSBSBW)WWWWWWWWWWWWWWW
used by your instrument. If you find any signinifificacant S.S. P. BeBeaiaird
differences, it is recommended that an approved Calilibrbration Technician
manufacturer's representative inspects the instrument t toto
determine the source of the difference. Approved Signatory:

Storaggggge and Caaaaaaaareeeee:::::

Instructionnss for UUUsseeeeeeeeeeeeee::::::::::::::

Calibration MMeetthodddddddddddddd::::::::::



Reference Material Certificate of Analysis

Calibration Lab. Potassium chloride aqueous solutions, sealed
Starna Scientific Ltd in far UV quartz cells, for use as a stray light
52/54 Fowler Rd reference in the ultraviolet spectrum.
HAINAULT
Essex  IG6 3UT Certificate Number:
England Certificate Date:
Tel. +44 (0)20 8501 5550 Expiration Date:

Analysis Number:
Email: sales@starna.com Set Serial Number:

'10 mm Cell' Serial Number:
Page Number 2 of 3 '5 mm Cell' Serial Number:

Description of Reference Material:

This reference consists of two high quality far UV quartz cells. Both cells  contain a 12 g/l aqueous solution of potassium chloride,
where the 'Sample' cell is 10 mm, and the 'Reference' cell is 5 mm path length. Both cells are permanently sealed by heat fusion.
Used in this format, the essential spectral characteristic of the solution is that it produces a peak of known Absorbance value. *
The measured wavelength positions this peak at the maximum Absorbance value. The reference material is designed for the
detection of stray light at wavelengths below the measured value. ASTM E387-04(2014) gives this wavelength range as 175 to 200 nm.
A commonly used wavelength by instrument manufacturers, etc. for this reference is 198 nm. All procedures are implemented in
accordance with ISO/IEC 17025 and ISO Guide 34. Additional information can be found on the Starna web site at www.starna.com.

Measured Values of Reference Material:

The potassium chloride filled cell is scanned in Absorbance mode over the range 210 to 190 nm, using the '5 mm' blank as the
reference. The Absorbance peak is verified and certified to be correct, in validating the purity of  potassium chloride and its use as an
indicator of instrumental stray light.

`
The combined analytical and instrumental uncertainties at the 95% confidence level is 0.11 nm.
The reported expanded uncertainty is based on the standard uncertainty multiplied by a coverage factor k=2, providing a coverage
probability of approximately 95%. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

Peak Wavelength (nm)* Measured Peak Stray Light Stray Light
+/- 0.11 nm Absorbance value (A) Absorbance value (S) Transmission (T/%)

less than 1.0 T/%

IMPORTANT

* The Peak Wavelength (nm) and the Absorbance value (A) will vary significantly from one instrument to another.

* The measurement details and information shown above simply indicates the purity and suitability for use of the stray light
reference, permanently heat-fused sealed into the cuvette.

* The value assignments shown above must NOT be used to verify either the wavelength and/or the Transmittance/Absorbance
scale of the spectrophotometer under test.

* Irrespective of the actual wavelength observed, the Absorbance value measured at the peak will give an estimate of the
instrumental stray light in this area of the spectrum - see "Suggested Instructions for Use" on page 3.

* If this resultant peak within the measured range indicates an Absorbance of greater than 0.7 A then the instrument is
deemed to be compliant with General Chapter  "Ultraviolet-Visible Spectroscopy" <857> , of the United States

9116211
06 November 2023
06 November 2025

25002
MT06112301

65145
65133

199.8 greater than 0.70 A greater than 2.00 A

52/54 Fowler Rd reference in the ultraviolet spectrum.
HAINAULT
Essex  IG6 3UT Certifififififififififififificicicicicicicicicicicicicicicate NuNuNuNuNuNuNuNuNuNuNuNuNuNuNumbmbmmmmmmmmm er:
England CeCeCeCeCeCeCeCeCeCeCeCeCeCeCertrtrtrtrtrtrtrtrtrtrtrtrtrtrtificate Date:
Tel. +44 (0)20 8501 5550 EExE piration Date:
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Description off  RReferrrrrrrrrrrrrrreeeeeeeeeeeeeeeence Material:

This reference c consists s s s s s s s s s s s ofofofofofofofofofofofofofo  two high quality far UV quartz cells. Both cells  c c cononontain a a 12 g/g/l aqueous sosososososososososososolululululululululululutition of popotassium chloride,
where the 'S'Samample' c c c c c c c c c c c c c c celelelelelelelelelelelelelelell is 10 mm, and the 'Reference' cell is 5 mm path lelelelelelelengngth. Bothth cellsls are permanentntntntntntntntlylylylylylylylylylylylyly s sealed byby heat fusion.
Used in ththisis formamamamamamamamamamamamamamamat, thehehehehehe e e essssssenenentititialalal s s spepepepepectctctrararal l l chchcharararacacacacteteteriririststststicicicic o o of f f f ththththththththe e solutionononononononononon i i i i i i i i i i is s s thththatatatat i i it t t prprprprprododododucucucuceseseses a a a a p p p peaeeaeak k k k ofofof k k k knononononononown A A A A A A A A A A A A Absbsbsbsbsbbbbsbbbbsororbabancnce e vav lue. *
The memeasuredededededededededededededededed w w w w w w w w w w w w w wavelenenenenenength positions this peak at the maximimuuuumumumumumumum A A A A A A A A A A A A A Absbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsooorbance value. The reference matererererererererial isisisisisisisisisisisisisisisisisisisisisisis d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d designed for the
dedetetection ofofofofofofofofofofofofofofofof s s stray lighthththt a a a a a a at t t t wawawawavevevevelelelelengngngngngthththths s s s below www wwww wwww w ththththe e e e memememeasasasasururururedededed v v v v v v v v v v v v v v v valueueueueueueueueueueueueueueueueueueueueueue. . . . ASASASASTMTMTMTM E E E E383838387-7-7-7-04040404(2(2(2(2(2010101014)4)4)4)4) g g g g giviviviveseseses t t t thihihihis s s s wawawawawawawawawawawavelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelength rananananananananananananananananangegegegegegeggegegegegegeggegegegegegege a a a as s s s 171717175 5 5 5 totototo 2 2 2 200000000 n n n nm.m.m.m.
A A commmmmmmmmmmmmmmmmmmmmmmmmmmmmmoono ly used wavelength by instststststrrururururumentntntntntntntntnt manufacturersrsrsrsrsrsrs, , , , , , , , etetetetetetetetc.c.c.c.c.c. f f fororororororor t t t t t t thihihihihis s s s s s rererererererefefefefefefefererererererencncncncncncnce ee e e e e e isisisisisis 1 1 1 198989898989898 n n n n n nm.m.m.m.m.m. A A A A Allllllll p p p p p prororororororororocececececececedudududududududurrereres arararararararararararararararararararararare e e e e e e ee e e ee ee e e e e e e e e e e e e e e imimimimimimimimimimimplplplplplplplplplpplplplplemememeeeeeee ented d inin
accococococococococococordrdrdrdrdrdrdrdrdrdrdrdrdrdance with ISO/IEC 17025 and ISISISISISISISISISO GuGuGuGuGuGuGuGuGuide 34. Addididididididididitititititititititiononal i i i i i information can be found on the Starnrnrnrnrnrnrnrna weweweweweweweweb sitetetetetetetetete a a a at www.w.w.w.w.w.w.w.w.w.w.w.w.stststarna.comom.

MMMMMMMMeasured Values of Refeeerrrrrrencccccccceeee Maaaaaaaaaaaaaaatttttttttttttttteeeeeeeeeeriall:

ThThe e popopopopopopopopopopopopotatatatassium chloride filled cell is scanned in Absorbancncncncncncncncncncncncnce e e e e e e e e e e e e mode o over r ththe e range 21210 to 1 190 nm, using the '5 mm' blanananananananananananananank k k k k k k k k k k k k k k k asas t thehe
refererencnce.e.e.e.e.e.e.e.e.e.e.e.e.e.e. T T T T T T T T T T T The Absorbabababababababababancncncncncncncncnncnce e e e e e pepepepepepepepepepeakakakakakakakak i i i i i i i i i i i i i i i i i is ssss veveveveveveveveveveveveveveveveveveriririririrififififififiededededededed a a a a a a andndndndndndndndndndndnd c c c c c cerererererertititititititififififififififiededededededededed t t t t t t t t t t to o o o o oo bebebebebebebebebebebebebebebe c c c c c c c c c c c c c c c cororororrererererererectctctctctctctct, , , , , , , , , , , inin valalidididididididididatatatatatatatinininininining ththe e e e e e e e pupupupupupupupupupupupupupupupupupuriririririririririritytytytytytytytytytytytytytytytyty o o o o o o o of f f f f f f f  p p p p p p p p p p p pototototototototototasasaasasaasasasassisisisisisiumumumummumumum c c c c c c c c c c c c c chlhhhlhhhhlhlhlororororororooroorororidididididididididididididididide e e e e e e e e e e e e e e e e anananand d d d itititits s ususe e asas a ann
indicatotor r r ofofofofofofofofofofofof i i i i i i i i i i i i i i insnnsnnnnnnstrumenenenentatatatatatatatal l l l ststststststststststststststststrararay y y lililililililililililililililililililililililililililighghghghghghghghghghghghghghghghghgghghghghgghghghgghghghggghgghghgghghghghghghghghght.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.

`̀̀̀
ThThe e cocombineded a ananan lylylylylylylylylylylylylylylytitititititititititititititical and instrumental uncertainties at the 95% confidencecececece l l l l l l levevee elel is 0.11 n nm.
The rerepoportr ed expanandeded d d d d d d d d d d d d d d unununununununuuununcertainty is based on the standard uncertainty multiplieieieieieied d dd d by a coveerage factor k=2, prprrprrovovovovovovovovovovovovovoviiiidiididiiii ing g a a ccoveragege
probabilitity y ofof approxiximamam tetetetetetetetelylylylylylylylylylylylylylylyly 95%. The uncertainty evaluation has been carried out inin a a accororddance e with UKAS S S S S S S S S S S S rrrrrererrrrrrr ququirireemements.

Peak Wavelelenength h h (n(n(nm)m)m)* Measured Peak Stray Light StStStray Lighghtt
+/- 0.11 nm AbAAAAAAAAAAA sorbance value (A) Absorbance valueueueueueue ( ( ( ( ( ( ( ( ( ( ( ( (S)S)S)S)S)S)S)S)S)S)S)S) Transmsmisission ( (T/T/%)%)

lelessss t than 1.0 T/%

IMPORTANT

* The Peak Wavelength (nm) a andnd the A Absbsbsororbababababababababababababababancnnn e value (A) will varararararararararararararyyyy y yy ssignifificicicanantly fromom  one instrument to another.

* The measurement details and infoformrmation shshowown n n n n n n n n n n n n n n abaa ove simpmpmpmpmpmpmpmpmpmpmpmpmplylylll  indicicatatateses the p pururitity and suitability for use of the stray light
reference, permanently heat-fused sesealaled into thththe e cucucucucucucucucucucucucucucuvevvvvvvvvvvv tttttttttttttttttttttte.e.e.e.e.e.e.e.e.e.e.e.e.e

* The value assignments shown above mustst N NOT be useded t to o verrify eitheer r ththe wavelength and/or the Transmittance/Absorbance
scale of the spectrophotometer under test.

* Irrespective of the actual wavelength observed, the Absorbance value measured at the peak will give an estimate of the
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Page Number 3 of 3
'10 mm Cell' Serial Number:
'5 mm Cell' Serial Number:
Certificate Number:
Calibration Date:

Certifying Instrument Qualification: Duration of Certificate:
All calibration is performed on one of a series of high This certificate is valid for a maximum period of two
performance reference spectrophotometers. The instruments are years from the date of issue or sooner if specified by
tested and qualified to the manufacturers' published specification the user's own protocols. Although the references are
over the analytical range used for the reference material covered by a Lifetime Guarantee, this is subject to
certification. The following primary references fundamental certain conditions, see Guidance Notes.
procedures, are used in the qualification of the reference
spectrophotometers:

Absorbance: NIST SRM 930e & 1930, Double Aperture method.
Wavelength: NIST SRM 2034, Emission lines of mercury & deuterium. All reference materials are certified and supplied in a
Stray Light: NIST SRM 2032, KCl, KI & lithium carbonate. useable condition.  There is no warranty for fitness
Resolution: Benzene vapour, half width of deuterium 656.1 nm line. beyond initial receipt by the customer.

When references need to be re-certified or inspected
for any reason, customers should return them to the
Starna ISO/IEC 17025 & 17034 accredited

The conditions of analysis used to generate the measured calibration laboratory, where all original data is
values on this certificate are as listed in the chart below: collated.

Cell Path length: 10 +/- 0.01 mm On receipt by Starna Scientific the references are
Cell Material: Spectrosil Quartz measured 'As Received', before cleaning under the
Reference: 1.2 % KCl in a 5 mm path length cell recertification procedure. 'As Received' data is
Scale: Absorbance available on request.
Range: 210 nm to 190 nm
Band width: 1.0 nm +/- 0.04 nm
Temperature: 23.5 +/- 1.0  ºC Storage and Care:
Peak read at: 199.8  +/- 0.11 nm

References should always be stored in the box provided
& handled with extreme care. Quartz cells are fragile &
should be inserted and removed from the instrument by

Scan over the required wavelength range in Absorbance holding the cell cap, taking care not to twist or apply
in either 'Double Beam' or 'Single Beam' mode as follows: leverage against the cell holder, as this may crack the

cells. Damage in the form of scratches may alter the
Single Beam Mode: certified values significantly such that they need
* With an empty sample holder, baseline/zero the instrument re-certifying and may, as with cracks, require complete
against air. replacement. For cleaning see Guidance Notes.
* Sequentially scan both the '5 mm' and '10 mm' references, and
save the data values.
* Mathematically subtract the '5 mm' data, from the corresponding Calibration performed by:
'10 mm' data.

Double Beam Mode:
* Place the '5 mm' in the Reference Beam, and the '10 mm' in
the sample beam. S. P. Beaird

Calibration Technician
In either mode, the resultant spectrum should contain a clearly
defined peak, at an associated maximum Absorbance value. Approved Signatory:
This measured peak maximum Absorbance value will be
related to the stray light value (S) by the following equation:

S = 0.25*10-2A
A. Wakelin CSci CChem MRSC

Where A is the measured peak maximum Absorbance value. Calibration Manager

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical

65145

Re-certification Procedure:

Suggested Instructions for Use:

65133
9116211

Measurement Method:
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UKAS Accredited Calibration Laboratory No. 0659

tested and qualified to the manufacturers' published specification the user's own protocols. Although the references are
over the analytical range used for the reference material covered by a Lifetime Guarantee, this is subject to
certification. The following primary references fundamamental cecertain conditions, see Guidance Notes.
procedures, are used in the qualification of the refererence
spectrophotometers:

Absorbance: NIST SRM 930e & 1930, Doubublele Apertrtururururururururururururururure method.
Wavelength: NIST SRM 2034, Emission n lilines of m m m m m m m m m m m m m m mercury & deuterium. AlAlAlAlAlAlAlAlAlAlAlAlAlAll l l l l l l l l l l rererefeference mamaterials are certified and supplied in a
Stray Light: NIST SRM 2032, KCl, KIKI & lithihihihihihihihihihihihihihihiuuuumuuuuuuu  carbonate. useaeaeablblblblblblbblblblblblblblblble e cocondition.n.    There is no warranty for fitness
Resolution: Benzene vapour, hahalflf w width o o o o o o o o o o o o o o of f f f f f f f f f f f f f f deuterium 656.1 nm line. beyondndndndndndndndndndndnd i i i i i i i i i i i i i i i inininnninninnnnnnn tititialal receiptpt b by the customer.

When referererererererererererererererenenenenenenenenenenenenenenenee cecececececececececececececececes s need t to o be re-certified or inspected
for any y rerereasonon, cucucucucucucucucucucucucucucustststssssssstomomers shshould return them to the
Starnanana I I ISOSO/IEEC 170707070707070707070707025252525252525252525252525 & 170703434 accredited

The conditions of analalysis u u u u u u u u u u u u usesesesesesesesesesesesesesed to generate the measured cacacalililibratioion lalaboratory, whwhwhwhwhwhwhwhwhwhwhwhwhere all l ororiginal data is
values on this certitifificate a a a a a a a a a a a a a a arrerererererrrerrre as listed in the chart below: cocollated.

Cell Path lelengngth: 10 +/-/-/-/- 0 0 0 0.01 mm On receipt by Starna Scicicicicieeeentifififififififififififififififififififififififififififififififific c c c c c c c c c cc cc thththe references are
Cell Matatererial: Spectrtrtrtroosoosososososilililililil Q Q Q Q Q Q Quauauauauauartrtrtrtrtrtzzzzzz memememememmeasasasasasasururururururededededededed ' ' ' ' ' ' 'AsAsAsAsAsAsAsAs R R R R R R Rececececececeieieieieieiveveveveveved'd'd'd'd'd'd'd'd'd', , , , befofofofofofofofofofofofofofofofofofofofofofore cleleleleleleleleleleleleleleleleanananananananananananananananananananananananananananananananananananananininininininininining g g g g ununununundededededer r r r ththththeeee
Refererennce: 1.2 % KCl in a 5 mmmmmmmmm m paththththththththth length cell rererecececertrtrtrtifififififififificicicicatatatatioioioioion n n prprprocococededededededururure.e.e.e.e.e.e.e. 'AsAsAsAsAsAsAsAs Rececececececececececececececececececececececececececeeieieeieeie ved'd'd'd'd'd'd'd'd'd'd'd'd' d d d d d d d d d d d d datata is
Scalale: Absorbance available on reqeqeqeqequest.
Rannge:e:e:e:e:e:e:e:e:e:e:e:e:e:e:e: 210 nm to 190 nm
Bannd w w w w w w w w w w wididididididididididididth: 1.0 nm +/- 0.04 nm
Temmperataturururururururure:e:e:e:e:e:e:e:e:e:e:e:e:e: 23.5 +/- 1.0 ºC SSSSSSSSStttttttttooooooorrrrrrraaaaaaggggggggeeeeeeee aaaaaaaannnnnnddddddddd CCCCCCCCaaaaaarrrrrrrrrrrrre:
Peakak read atat: 199.8  + + + + + + + + + + + + + + + + + + + + + + + +/-/-/-/-/-/-/- 0 0 0 0 0 0 0.1.1.1.1.1.1.1.1.11 1 1 1 1 1 1 1 nmnmnmnmnmnmnmnmnmnmnmmnmnmnmnmnmnnmnnnnnmm

ReReReReReReReReReReReReReReReReRefefefefefefefefefefefefefefefefefefefefefefefefefeferererererererererererererererererererererererererererererererererererencncncncncncncncncncncncncncncncncncncnnncncncncncncnncnnncncncncncnncncnceseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseseses s s s s s s s s s s s s s s s s s s s shohohhhohohohohohohohohohohohohohohohohohohohohohohohohohohohouulululululululululululululululululuuululuuuuluuulululululululd d d d d d d d d d d d d d d d d d d d d alalalalalalalalalalalalalalalalalalalwawawawawawawawawawawawawawawawawawawawawawawawawawawawawaysysysysysysysysysysysysysysysysys b b be ststststststststststststststststststststststststststooororororororororororororororororororororoorororedeedededededededededededededededed i i i i inn nnn n n thththee bobobobobobobobobobobobobobobobobox x x x x x x x x x x xxxxx x x xx x prprprprprprprprprprprprprprprovovovovovovovovovovovovovovovovovovooovidididididedededededededededed
& & & & & & & & & & & hahahahahahahahahahahhahahahahahahhhhhahandndndndndndndndndndndleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleleddd dd d dd d dd dd dddd d ddd dddddddd wiwiwwiwiwwwiwiwiwiwiwiwiwwiwiwiwiwiwiwiwiwithththththththththththththththththththththththththththththththththththththththth e e e e e e e e extxtxtxtxtxtxtxtxtxtrerererereremememememememememememe c c c c c c c c c c c c care.e.e.e.e.e. Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Quauauauartrtz z z cecells arare e frfragagililililililililililililililililililile &&&&&&&&&&&&&
shshould b be inseserted and remememememememememememememovovovovovovovovovovovovo eded f f frorom the e ininstrument by

Scan over the rerequq ireded w w wavaveleleleleleleleleelelelelelelelength range in Absorbance hohoholdlding ththe cecell cap, takikikikikikikikikikikikikikinnngnnn  c cararare e not toto t twwist or apply
in either 'Double BeBeam' oror ' ' 'SiSingngngngngngngngngngngngngngnglelelele Beaeam'm'm  m modode e e as folollolows: leleveverararararagegeg  a a agagaininstst thehe c c c c c c c c c c c c c c c celelelelelelelelelelell hohoholdlderer, as t thihis s may y crcrack ththee

cells. D D D Damamamagage e in t t t t t t t t t t t t thehehehehehehehehehehe f forororm m m of scratatchcheses m mayay a altlterer t thehe
Single Beam Mode: certified vavavavavavavavavavavavalulululululululululueseseseseseseseseseseses s s s s s s s s s sigignininififificantlyly s sucuch h ththat thehey need
* With an empty sample h hololded r, basaselelelinininininininininininininine/e/e/e/e/e/e/e/ee/e/e/e/e/e/zero the instrument re-certifyfyfyfyfyfyfyfyfyfyfyfyinininininininining anand d mamay, as wiwith cracks, require complete
against air. replacacacacacacacacacacaceeeeememee ent.t. F F Foror cleananining see Guidance Notes.
* Sequentially scan both the '5 mmmm' and '1'10 0 0 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm' references, and
save the data values.
* Mathematically subtract the '5 mm' d datata,a, from m thththe e cococococococococococococococorresponding Calilibrbrbratation peperfrformed by:
'10 mm' data.

Double Beam Mode:
* Place the '5 mm' in the Reference Beam, and the '1'10 0 mm' in
the sample beam. S. P. Beaird

Calibration Technician

Re-cceertification Procedure:

Sugggeessted IIInnnssssssssssstttttttttttttttrrrrrrrrrrrrruccccccccccccccccccttttttttttttttttttttiiiiiiiiiiioooooooooooooooooooooons ffffffffffffffffooooooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrr UUUUUUUUUUUUUUUUUsssssssssseeeeeeeeeeeeee::::::::::::::::::::

Measurement Metthhod::



Reference Material Certificate of Calibration

Starna Scientific Ltd Toluene in hexane and hexane blank sealed in a quartz cell for
52/54 Fowler Rd use as a spectral resolution reference in the ultraviolet spectrum.
HAINAULT
Essex  IG6 3UT Certificate Number:
England Certificate Date:
Tel. +44 (0)20 8501 5550 Expiration Date:

Analysis No: MT06112301
Email: sales@starna.com Set Serial Number: 25002

Cell Serial Number:
Page Number 2 of 3 Blank Serial Number:

Description of Reference Material:

This reference material consists of two Far UV quartz cells, both of which have been permanently sealed.
One cell is filled with a 0.02% v/v solution of toluene in hexane. The other cell is a blank, filled with hexane only.
The reference material is designed for the verification of spectral resolution.

Certified Values of Reference Material:

The toluene in hexane filled cell is measured against the hexane blank at the maximum absorbance closest to 268.7 nm and the
minimum absorbance closest to 267.0 nm. Using the results from the analysis, a ratio of absorbance maximum divided by
absorbance minimum is calculated for each bandwidth.
The combined analytical and instrumental uncertainties at the 95% confidence level (k=2) is 0.0049 A.

The reported expanded uncertainty is based on the standard uncertainty multiplied by a coverage factor
k = 2, providing a level of confidence of approximately 95%. The uncertainty evaluation has been carried out
in accordance with UKAS requirements.

Nominal Concentration 0.02 % v/v Wavelength: Absorbance SBW

Blank Serial No: 0.7691 1.00
0.3314

Cell Serial No:
2.32

Spectral Resolution:

The chart below, for cells with a ratio of 2.0, shows the estimated variation of ratio values,
based on the slit width and the temperture of measurement.
PLEASE NOTE: THE CHART IS PROVIDED FOR INFORMATION PURPOSES ONLY.

Spectral Bandwidth

Temperature 0.5 nm 1.0 nm 1.5 nm 2.0 nm 3.0 nm
of measurement +/- 0.1 nm +/- 0.1 nm +/- 0.1 nm +/- 0.1 nm +/- 0.1 nm

20 +/- 1  ºC 2.4 - 2.5 2.0 - 2.1 1.6 - 1.7 1.3 - 1.4 1.0 - 1.1

25 +/- 1  ºC 2.3 - 2.4 1.9 - 2.0 1.6 - 1.7 1.3 - 1.4 1.0 - 1.1

30 +/- 1  ºC 2.1 - 2.2 1.8 - 1.9 1.5 - 1.6 1.3 - 1.4 1.0 - 1.1

FOR FURTHER CLARIFICATION:

USP Chapter <857> states: 'The ratio of the absorbance at the maximum to the absorbance at the minimum
will typically fall in the 1.0-2.6 range'

For most compendial quantitative purposes a SBW of 2nm or less is sufficient, and the acceptance criteria
for the ratio is NO LESS THAN 1.3'

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical
Laboratory or other recognised National Metrology Laboratories. This certificate may not be reproduced other than in full except with
the prior written approval of the issuing laboratory.

06 November 2025

65690

9116212
06 November 2023

65690
Ratio

65675

65675 268.60
267.00

England Certificate Date:
Tel. +44 (0)20 8501 5550 Expiration Date:

Analysis No: MT06112302301
Email: sales@starna.com Set Serial Numbumber: 25025002

Cell Serial NuNumber:
Page Number 2 of 3 Blank SerSerial Numbembembembembembembembembembembembembembembmb r:

Description of Reference Matereriaial:

This reference material consists of twotwo Far UV qV qV qV qV qV qV qV qV qV qV qV qV qV qV qV uartz cells, both of which have been permanently se se se se se se se se se se se sealealealealalalealalalalealalalaleal d.d.d.
One cell is filled with a 0.02% v/v /v sosolution on of ofof ofof of of of of of of of of ofofof toluene in hexane. The other cell is a blank, filled with he he he he he he he he he he he he he he he hexanxanxaxanxaxaxaxanxaxxaxanxanxanxaxaananane oe oe oe oe e oe oe oe oe oe e e oe e e e oe oe nlyn .
The reference material is designegned for thethethethethethethethethethethethethethe v ve v rification of spectral resolution.

Certified Valueses o of ReReReReReReReReReRefefefefefefefefefefefefefefeference Material:

The toluene in hexhexane fillellellellellellellellellellellellellellelled cd ell is measured against the hexane blank at the maximum absobsobsobsobsob rbance clososest to to 268.7 nm and th th th th th th th th th th theeeeeeeeeeee
minimum absobsorbancece cl cl cl cl cl cl cl cl cl cl cl cl cl c c osest to 267.0 nm. Using the results from the analysis, a ratio of of of of of of of absosorbance mamaximumum divided by
absorbancancee minimummummummummummummummummummummumummummummummu  is calclculclculculculculculculculculculatlatlatlatlatlatlatlated ed ed ed ed ed ed ed forforforforforforforforforfor ea ea ea eachch ch ch chch ch ch ch cch cch ch banbanbanbanbanbanbabanbanbandwidwidwidwidwidwidwidwdwidwidthdthdthdthdthdthdthdthdthdth.
The co commbined an an an an an an an an an an an an an an an anaaalytical andandandandandand instrumental uncertainties at the 95% confidfidfidfidfidfidfidfidfidfidence le le le le le le le le le le le le le le le le le le le le le le le le le le le le le leveveveveveevevee l (k=2) is 0.0049 A.

TheThe repororrrorrorrorororortedtedtedtedtedtedtedtedtedtedtedtedtedtedtedted expanded uncertaitaitaintynty is is is ba ba basedsedsed on on on on ononononon the statatatatatantantantandardardard ud ud uncertartaintintinty m m m m m m m multultulultltltultululu ipliplipliediediedied by by by by a  a covcoverage facfacfacactortotor
k = 2, pr pr pr pr pr pr pr pr pr pr pr pr pr pr pr proooooviooooo ding a level of confidence of apprororororoxroxroxroxroximateltelteltelteltelteltelelyyyy 95%. The uncertartartartartartartartartart inty y ey ey ey ey evalvalvalvaluatuauationion ha ha ha has bs bs bs been carrirried ed ed ed outout
in accaccaccaccaccaccaccaccaccaccaccaccaccaccaccaccooooordooo ance with UKAS requirements.

NoNoNoNoNomNoNoNoNoNoNoNoNoNoN inal Concentration 0.02 % v/v WaWaWavWavavavavelength:h:h:h:h:h:h:h:h:h: Absororororborborborborborbancancancancanceeeee SBWSBWWSBWSBW

BlaBlaBlaBlaBlaBlaBlaBlaBlaBlaBlalalank nnn Serial No: 0.7691 1.00
0.330.330.33.330.33.33.33.33.33.330..3333330.330.30.330.330.3314114141414141414141414141414141414

Cell Sl Serierierierierierierierial al alal al al al al al al alalal al al No:
2.322.322.322.322.32.322.32

SpSpectralal R R Resesesesesesesesesesesesesesololololololololoolooolololutioioioioioioioioioioioionnn:n:n:n:n:n:n:n:nnn:n:n:

The chartart be b low, for or celcelce ls ls ls ls ls ls ls ls ls witwiwwwiwiwiwiwwwiwwiwi h a ratio of 2.0, shows the estimated variation of ratio valueses,
based on thethe sl slit it width andand th th the te tempempempempempempempempempempempempemempemperture of measurement.
PLEASE NOTE:TE: TH T E CHARARRT IT IT S PS PS PS PS PS PS PS PS PS P P P P P PROVRRORRRORORRORORORORROR IDEDED FD FD FOR OR INFINFORMOROR ATION ON PURPOSPOSES ONLONLNLY.Y

Spectral Bandwidth

Temperature 0.5 nm 1.0 nm 1.5 nm 2.0 nm 3.03.0 nm
of measurement +/-+/- 0. 0 1 nm +/-+/-+/-+/-+/-+/-+/+/-+/-+/-+/+/-+/-+/- 0.1 nm +/- 0.1 nm +/- 0.1 nm +/- 0.1 n1 nmm

20 +/- 1  ºC 2.4 - 2.52.5 2.02.02.0 -  - 2.12.12.12.12.12.12.12.12.12.12.12.12.12.12.1 1.6 - 1.7 1.3 -  -  -  -  - 1.41.1.41.1.41.41.41.41.41.1 1.01.0 - 1.1

25 +/- 1  ºC 2.3 - 2.4 1.9 - 2.02.0 1.6 - 1.7 1.31.3 - 1.4 1.0 - 1.11.1

30 +/- 1  ºC 2.1 - 2.2 1.81.8 -  - 1.9 1.1.51.51.51.51.51.51.51.51.51.51.51.1.5 - 1.6 1.31.3 -  - 1.41.4 1.01.0 - 1.1

FOR FURTHER CLARIFICATION:

USP Chapter <857> states: 'The ratio of the absorbance at the maximum to the absorbance at the minimum
will typically fall in the 1.0-2.6 r e'

06 NovNovembem er 2025

656656656565656565656565665 90909

06 November 2023

65690
RatRatRatRatRatioioioioioioioio

656656566566566566566566566566565656757575757575775757757575757575

65675 22626268.60
22626267.2262622262626 00
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Set Serial Number:
Certificate Number:
Calibration Date:
Analysis Date::

Certifying Instrument Qualification: Duration of Certificate:
All calibration is performed on one of a series of reference This certification is valid for a maximum period of two
spectrophotometers.  The instrument is tested and confirmed to years from the date of issue or sooner if specified by
perform to the manufacturers written specification over the the user's own protocols.
analytical range used for the reference material certification. Although the references are covered by a lifetime guarantee
The following references and procedures are used in the this is subject to certain conditions, see guidance notes.
quality performance procedures relating to the qualification of
the spectrophotometer performance: Re-certification Procedure:

Absorbance: NIST SRM 930e & 1930, Double Aperture method. All reference materials are originally certified and
Wavelength: NIST SRM 2034, Emission lines of mercury & deuterium. supplied in a useable condition.  There is no warranty
Stray Light: NIST SRM 2032, KCl, KI & lithium carbonate. for fitness beyond initial receipt by the customer.
Resolution: Benzene vapour, half width of deuterium 656.1 nm line. When references need to be re-certified or inspected

for any reason, customers should return them to the
Starna ISO/IEC 17025 & 17034 accredited calibration
laboratory, where all previous data are collated.

The conditions of analysis used to establish the range values
on this certificate are as listed in the chart below: On receipt by Starna Scientific the references are

measured "As Received" before cleaning under the
Cell Pathlength: 10 +/- 0.01 mm re-certification procedure.  "As received" data are
Cell Material: Spectrosil Quartz available on request.
Reference:
Scale: Absorbance
Range: 265 nm to 270 nm
Slit width: 1.0 nm
Temperature: 23.5 +/- 1.0  ºC Reference (s) should always be stored in the box

provided and handled with extreme care. References are
fragile and should be inserted and removed from the
instrument taking care not to twist or apply leverage

Carefully insert the toluene in hexane filled cell and hexane blank against the cell holder, as this may crack the reference.
into the cell holder of your instrument touching only the frosted Damage in the form of scratches or contamination may
sides, or by holding the top of the cell. Cells are fragile and should alter the certified values significantly such that they
always be handled with care. Determine the absorbance of the need re-certifying or even complete replacement. For
toluene in hexane cell against the hexane blank at each of the cleaning see guidance notes.
wavelengths. Calculate the ratio as on page two of this certificate.

Instrument Dependencies: Calibration performed by:

The instrument to be tested should have a spectral bandwidth
not exceeding 2 nm. Consult your instrument's user manual
for this information. S. P. Beaird

Calibration Technician
Approved Signatory:

A. Wakelin CSci CChem MRSC
Calibration Manager

This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom Accreditation Service.
It provides traceability of measurement to the SI system of units and/or to units of measurement realised at NIST, the National Physical
Laboratory or other recognised National Metrology Laboratories. This certificate may not be reproduced other than in full except with
the prior written approval of the issuing laboratory.

Storage and Care:

Hexane

Instructions for Use:

25002
9116212
06 November 2023
06 November 2023

Validation Method:

UKAS Accredited Calibration Laboratory No.
0659

All calibration is performed on one of a series of reference This certification is valid for a maximum period of two
spectrophotometers.  The instrument is tested and confnfirirmem d to yeyears from the date of issue or sooner if specified by
perform to the manufacturers written specification o ovever theeeeeeee ththe e usu er's own protocols.
analytical range used for the reference material c cerertificacacacacacacacacacacacacatitititititititititititititition. Althououghgh the references are covered by a lifetime guarantee
The following references and procedures are usused in n thththththththththththththththe ththis is susubjbject to certain conditions, see guidance notes.
quality performance procedures relating toto t thhe quauauauauauauauauauauauauauaualilililililililililililification of
the spectrophotometer performance: RRRRRRRRRRRRRRRReeeeeeeeeeeee--ccceertifiiccation Procedure:

Absorbance: NIST SRM 930e & 191930, DooDoDoDoDoDoDoDoDoDoDoDoDoDoubububububububububububububuuu le Aperture method. All referererererererererererererererencncncnncnncnnncnnnn e e e mam terialals s are originally certified and
Wavelength: NIST SRM 203034,4, E Emissssioioioioioioioioioioioioioioioion lines of mercury & deuterium. supplied in a a a a a a a a a a a a a a a a a ususususususususususususususususeaeaeaeaeaeaeaeaeaeaeaeaeaeaeable condndition.  There is no warranty
Stray Light: NIST SRM 2 203032, KClClClClClClClClClClClClClClCl, KI & lithium carbonate. for fitnesesess s s beyoyondndndndndndndndndndndndndnd i i i i i i i i i i i i i i ininin tial receceieipt by the customer.
Resolution: Benzene e vvapour, , , , , , , , hahahahahahahahahahahahahahalf width of deuterium 656.1 nm line. Whenenen r r reefefeerenceces neededededededededededededed t t t t t t t t t t t to o be re-e-cecertified or inspected

for r r aanany rereasonon, customererererererererererererers s s s s s s s s s s s s shshould r reteturn them to the
StStStStStarna ISOSO/IECEC 17025 & 1 1 1 1 1 1 17070707070707070707070707034 accreredid ted calibration
lalalalaboboboboborararararatototototoryryryryryryry, , , , whwhwhwhwherererere e e e e alalalalall l l prprprprprpprpreveevevevevevevevevious d d d d d d d d d d d d datatatata a a arare e cocollatated.

The conditioionns of ananananananananananananananananalysis u u u u u used to establish the range valuessssss
on this cecertrtificatatatatatatatatatatatatatatatate e e e e e e e e e eee are as listeteteteteteteteted d d d d d d inininininin t t t t t thehehehehehehe c c c c c chahahahahahahartrtrtrtrtrtrtrtrtrtrtrtrtrt belowowowowowowowowowowowowowowowowow:::::: OnOnOnOnOnOnOnOn r r r r r rececececececeieieieieieiptptptptptptpt b b b b b b by y y y y y y StStStStStStStararararararnananananana S S S S S S Scicicicicicienenenenenenenenenenentififififififififififififififififififififific the rererererererererererererererererererererererererererererererererefefefefefefefefefefefefefefefefefefefefefefefefefefefeffefefererererererencncncncnceseseseses a a a a arerererere

memeasasururedededed " " " " "AsAsAsAsAsAs R R R R Receceieieieiveved"d"d"d"d"d"d"d"d" b b b b b b befefefefefororororore clclclclclclclclclclclclclclclclclclclclcleeeaeaeeeaningngngngngngngngngngngngng u u u u u u u u u u under thehe
Cellll P Pathlenenenenenenenenenenenenenenength: 10 +/- 0.01 mm rererere-c-c-c-cerererertitititifififificacacacatitititionononon p p p p prorororocecececedudududurererererererererererere.  "AAAAAAAsAs rececececececececececececececeived" d d d d d d d d d d d d datatatatatatatatatatatatatata are
Cellll M M M M M M M M M M Matatatatatatatatatatatatatataterial: Spectrosil Quartz avavavavavavavavaiaiaiaiaiaiaiailalalalalalalalablblblblblble e e e e e e ononononononon r r r r r r r reqeqeqeqeqeqeqequeueuueueueueueuestststststststst....
Refeferencncncncncncncncncncncncnce:
Scalale: Absorbance
Rangnge: 265 nm to 270 nm
Slit w width: 1.0 nmnmnmnmnmnmnm
Tempereratature: 23232322323232322323.5 + + + + + + + + + + + +/-/-/-/-/-/-/-/-/- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0  ºC ReReReReReReReReReReReReReReReReReReReReReReReReRefefefefefefefefefefefefefefefefefefefefefefefefefefefefefefefefeferrerererererererererererererererererenncncncncncncncncncncncncncncncncncncncncncncn e ee e e e e e e e e e e e e e e e e (s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) shsshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshshsshss ouououououoooooooououooouldldldldldldldldldldldld a a a alwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwlwayaayayayayayayayayayayayayayayayayayayayayayays be s s s s s s s s s s s s s s s s s s s s stotototototototototorered d d d d inininininininininin thehe b b b b b b b b b b b b b b b b b b b b b b b b b boooooxoxoooooooo

prprprovided a and h handled with exexexexexexexexexexexexextrtrtrtrtrtrtrtrtrtrtrtrtrememe e e cacare. ReRefeferences are
frfrfrfrfrfraagagagile anand shoould be insesesesesesesertrtrtrtrtrtrtrtrtrtrtrtrtrteeedededeededeede  a andndnd removoveded from the
inststrururumentnt takaking care n n n n n n n n n n n n n nooootoooo  t to o twtwist or a appply leverage

Carefully insert thehe t tololuenenene i i in n n hehehehehehehehehehehehehehexaxxaxaxaxaxaxaxaxaxaxaxxanene f fililleled d cecellllll and h hexanane e blankk agaiainst t t t ththththe e cecellll h holdededededededededededededededer,r, a as s thththisis mayayay c crarackck the r refefererenencece.
into the cell holder of f yoyour i insnstrtrtrumumumenenenenenenenenenenenenent touching only the frosted Damage in n ththe e fofofofofofofofofofofoformrmrmrmrmrmrmrmrmrmrm o of f f sscscraratchehes s oror c conontatamiminatitionon mayay
sides, or by holding the topop o of the cececellll. CeCeCeCCeCeCeCeCCeCCeCCC lls are fragile and should alter the cececececececececececertrtrtrtrtrtrtrtrtrtr ififififififififififififieieieieieieieieieieieied vavavalulues sigigninifificantly such that they
always be handled with care.e. D Determiminenene t thehehehehehehehehehehehehehehe absorbance of the need re-e-e-e-e-e-e-e-e-e-e-e-cecececececcecc rtrtifyiyingngng o or evenen c complete replacement. For
toluene in hexane cell against t thehe h hexane e blblb anananananananananananananananank kkkk kkkkkkk k at each of the cleaeaeaeaeaninininininininininininingng seeee g g guiuidance e nonotes.
wavelengths. Calculate the ratio as s onon page twtwtwo o ofoofofooofofofofofofofof this certificate.

Instrument Dependencies: CaCalililibrbration n peperformed by:

The instrument to be tested should have a spectrtralal b bandwdwididththth
not exceeding 2 nm. Consult your instrument's userer m manual
for this information. S.S. P. Beaird

Calibration Technician

Storaagee and Care:

Hexane

Instructtiioons ffoorrr UUUUUUUUUUUUUUUUsssssssssse:

Validation MMethhooooooooooooooodddddddddddddd:

pe by


