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LGC Experience in Production and
Characterisation of Pure Substances &
the Role of NMis in this context

LGC Limited
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Outline

* Overview of LGC Limited

 LGC Reference Materials Production
« Accreditation Status

* Pure Substance Reference Materials
» Purification
» Characterisation
* Inter comparisons
* Value assignment
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LGC Limited - Locations

Bords
[ ]
@ Edinburgh
®Bury
Risley Leed
Runcarm ' RS
Tamworth &
Ih gerlin ® Warsaw
Cu
ame # Teddington & Luckenwalde
& Wesel
@ Kiln
Strasbourg @
& Milano
India
L ]
MLmE ® Hyderabad
Barcelona @
L ]

Bangalore
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Activities at LGC Teddington

Contract R&D

Analytical
Services
* Forensic Science

* Food Safety Quality

« Pharmaceutical Services

* Lifescience
 Reference Materials

* Proficiency Testing

* Training

400 staff on Teddington site
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LGC’s UK National Roles

Government Chemist National Measurement
Institute

* Referee Analyst (20 Acts of ||+ Delivers world-class

Parliament) measurement science &

- Adviser to UK government & technology and provides
industry on regulations and traceable and increasingly
scientific input accurate standards of

measurement for use in trade,
industry, academia and
government
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R&T Division

 Programmes Supporting NMI Work
« NMS ChemBio (Chemical Measurements)

 Development of methods & standards for improved
chemical analysis

« NMS ChemBio (Biochemical
Measurements)

 Reliable measurements for the
biotechnology industry

« MET (Measurements for Emerging Technologies)

« Tissue Engineering, Bioprocessing, Point of Care
Testing
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RM Production Resources

5 staff experienced in RM production

« 3 staff in calibration analysis
 Pure materials & alcohols

Technical support

« 20+ staff in mass spectrometry and separation
science

Statistics support
Quality support



!!!!!!!

LGC Certified Reference Materials

 Matrix materials « Single substance
organic materials
 Food * Purity
 Environment * Melting point
* Clinical « Enthalpy of fusion
* Industry * Elemental content
* Forensic

~150 materials
Pure RM production for > 20 years
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RM Production Planning

Produce a written project plan for production of each reference materie

Production Steps

Material specification
Sourcing, preparation and sub-
division

Homogeneity assessment
Stability assessment

Characterisation of the assigned
value(s)

Calculation of the assigned value
and its uncertainty

Documentation and storage of the

material

Sales and storage and distribution
 LGC Standards

| Project Planning Form

WORKING TITLE |
|
|
(Reference:
PPF-Tyne Cartifioation - Status: DRAFT under discussion
Integ raled sciamific area;
Action numbar;
(C1RM-praj ect responaible:
| Resources needed: .. inrmst Dlogete:
Exiersal Collabonine
0 FTE days;
£k
Action Leader:
Servion providers:
Praceusng
— - I
llllll ¥ Wonhoring:
ity l"l.nlqlrr-rl:
" CIFM identifiar [C)RM-Matrix:
i O
Froficiency iestng 0. Tl pararmsiers:
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Relevant Guidelines

ISO/IEC 17025

» General Requirements for
the Competence of
Calibration and Testing
Laboratories

ISO Guide 34

» General Requirements for
the Competence of
Reference Material
Producers

ISO Guide to the Expression
of Uncertainty in
Measurement (GUM)

United Kingdom Accreditation Service

ACCREDITATION CERTIFICATE

REFERENCE MATERIAL PRODUCER
No. 4005

LGC Ltd

is with the Guide IS0 Guide 34:2000 General requirements
for the compederwe frsdbrenos mawdaﬂpmducers through assessment against this Guide and against
ISONEC 170252005 as appropriate for the relaiﬁﬂ laberatory actvities.

This for a defined scope as detailed in and at the locations
spetlledl the schedule to this certificate,

The scheduie o this certificate |s an essential sccreditatior dﬂ:uman( zu‘”ru'n time to time may be revised and
reissued by the United Kingdom Accredilation Service, The most recent i af the schedule of accreditation,
which bears the same accreditation number as this narﬁﬁr.ala is av a-labl from the UKAS website
WWW K3, GO,

This itation is subject to i e with United Kingdom Acs Wﬁhtmnﬁamﬁsm uirements.
The absence of a schedule on the UKAS website indicales that the awea\ is no longer in force.

R Bl

Accreditation Manager, United Kingdomn Accraditation Service

IlllllAr.mdhnn ate Thi Inumh—mi
ZDIJG

The Depariment of Trade snd Ingu lryu: 1) has enterad into @ wmmunuiunrk tanding wih the Uniled Kingdom Accreditation
Senice (LIKAS) irough which UKAS i = e risad & Me national body respons: @ssessing and accrediting the competancs of
organisations in e fields of calibestion, besling, inspecton and earification of wwmpmuns nd persons.
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Material Certification

Certification Panel

* In house group

* Project team members

« Independent experts (e.g. statistics)

* Quality Team representative
 European Reference Materials Co-operation

« Technical review by experts from German (BAM)
and European (IRMM) metrology and reference
material organisations

« ERM Panel approval
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Activities of Certification Panel

* Review the intended use/original specification of the material

* Review the expertise of the RM producer / subcontractors

* Review the approaches used to characterise the property values
« Examine records on the sourcing and preparation of the RM

* Review the approaches used to assess homogeneity and
stability

* Review supplementary information from the characterisation
studies

* Review statistical processing of raw analytical data and results

« Record the essential details of the review and examination of
data

 Approve documentation for the reference material
« Officially authorise the release of the RM for use
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Certificate (ISO Guide 31)

Eavxsean Robimws Wane i
Sreting slansrds
n anlysieal seme

CERTIFICATE OF ANALYSIS

ERM"- ACD20a
trans-5,6-Dihydro-4-methoxy-6-{2-phenylethenyl)-2H-pyran-2-one
{Kavain)
Cenlified value | Ungertainty *
Parameter {masa %) {marss %)
Punity ooa 0z

1) The certiked yakse | Imoeable 1o the analyical melhods and standands used in th chamclensation shudy
and desoribed i the certfioate.

2} The quoted unoestanty s e hallsidh of the sxpanded unoesainty oaloubled using a coverage tacior (i
ol 2,48, which ghes a kevel ol confidence of approsimatey 56 %

This certificate & walid far 12 months from the dale of shipment provided the ssmple s sioned under the
recommended cond Bons.

The mnimum amount ol sample o be used s 2 mg.

NOTE

Eurcpean Reference Malerisl ERM". ACD208 vis produced and cerilied under The respensbily of LEC

ancording 1o the frinciks kad down in the Technical Guidelnes of e European Releence Malerals co-

operalion agreement bebveen BAMLGOJRMM. Informaton an these guideines s aafabie on the inlemet
Q A T -CHT O =I5

Aocephed as an ERME, Teddnglen, August 2005
Signed;

D Johin Maroll, UK Govemimaent Chemst
LGE Limiled

Quiecres Rioad

Teddinglon

Middesax

TWIT CLY, UK

=

Cavyvan Lt M o

DESCRIFTION OF THE SAMPLE

# aloh of O.L-kavain oblained from a commencial soppler of chem cal reagents was mised and dspansed
a5 10 My unes into serevioapped s glass Walks.

The material wes cansidered (o be hemogeneeus on the basis of High Ferfarmance Ligud Chromatogeaphy
walh UV delection (HPLC-UVG measwements on 10 randomy selected 2 mg poartions, which shovwed no
sigailicant varialion in purity salue.

The idenlity of the material was confirmaed by 250 MHz "H-MMR speciescopy and Fnurlnr:nshlm 1]
oyclaron resonance mass speciometry (FTACR-MEME) wtiising accuraie mass mi
determnation of elemenial lormulae in combination with product lon M5,

The materal contales @ misture of 8 and L kavain; the propertion of these somens s Bhe materal s mot
necessanly the same as fhaf found In natune.

INTENDED USE

The primary use of this nelerencs malerdal i for the calbration of methods for the deteeminalion of kavain in
hertal peodacts, loodstults and cther relevant matices

ANALYTICAL METHOD USED FOR CERTIFICATION
Hgh Perermarnce Ligukd Chromalegrapty wiih U Detaction (HPLC AWV

The purity of the maleral was determined by MELE-UY using a revorsed phase column (150 - 2 me,
Phenomenes Luna S18.2), & um). vilh an iscorati mokde phase consisting of 55 % waler and 45 %
analon ks and a flow rale of 0.2 mLimin, Solstions of kavan in apstoeiinle 0.0 mass %) vwere nmpam-d
Tram 9 units of the material. The purity of e mate il vis g by peak sea
dteotion ot k=246 nm.

Lullerenal Sca0ning Salorimel

A Polymar Labs STA G285 ditterential scanming oalcrimaler was wsad, vilh & sample see of approdimataly
2 g in aiberrinium pans and & haating rate of 1.3 “Chmin, The nstuman was calibraled usng & high purity
indium ceitilied rlerence matenal (LSC2601). At of § detenminalions s caried ot

Gas Chiomalogrecty Flame lonisalion Delection (ESCFID

The purity of the materal was determined by GC-FID usng a DE-1 oclumn (B0 m « 028 mm id,

= 0.2% pm with @ conslant flow of helum as the carer gas {1 mLimin} and colume fompesatune
progamme ol 30°C for 1 mnute, ramp @ 10 °C 1o 40 °C, ramg @ 5 °C 1o 200 °C for 1 minule, rame &
1°C b 270 C for 20 mimetes with he Flame lanisalion Delecior (FID) at @ lempesatune of 280 *C. Solations
of kavain In dichiceomathane (0.1 mass %) wore prepared frem 10 poricns of the malenal. Each solulion
vz analysed by cold an-oaluren injection of 1 ul. The purity of he malerial was quantified by peak arca
normalsafion.

The data fom these thies lechniques ks shown i Tablke 1.

I addition to the aboee, molsture and norganic malenal vas alss determined:

Mgt

Meistors wis Setarmined by coulometric Karl Fischar tiration and the value sublracled rom the purty
dotermined by HPLCAIW and GE-FID.

lograang Sonlonl

The of Inoigani sessed by Induoth ety Coupled Plasma-Optical Emssion
Speckoscopy ICEDES), and confirmed by ash delermination at 550 °C. The vakes vers sublmoled from e
pherty valug delermingd by HPLG-UW and GC-FID, The penentages incrganic conterl v nol subitacid
Tram the DS purlty value as this technkue alows tr 1he presence of Sorganss 0 he sampk.

‘i faleing Fa gL are 18 mbegral Fad ol Ca o

ERW"-ACLe
Pags i ela

M- Anae
Pagsdela
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Candidate Material
fes
values agree with C_ompare_ _meltm_g
literature value? point ar baoiling point g
o
E
=
Ll
o
=1
o]
-— Structural confirmatian =
by MMRMSAR o
Thin Layer Chromatography
to check for nurber and type of
compounds present
+
Determine purity by
Cluantitative NMR
y : Mo
Determine purity by GC-FID Ig it vol atile?
)
=
o
' Does it contain a ° =
: : oes it contair =
Determine purity by HPLC-DAD Smee g
&
o
e
o
=
ul
=
. o
Det ity by DSC L
SIS RO thermally stable?

Cormbine purity values
from different techniques

}

Correct for moisture content
(Karl Fischer titration)

l

Carrect for inorganic residues
(TGA /Ashing/ICP)
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International Inter-comparison Studies

 LGC has demonstrated its

7 competence in the

' measurement of the purity of
organic substances through

go . J; _——— K) participation in the BIPM CCQM
: ! a P20 series of inter-comparison
N studies on the following
materials:
_— « CCQM-P20.b: Ortho-xylene
2 ¢ 2 ¢ 8 8 . CCQM-P20.c: Atrazine (2
1§ § i § 8 samples, high and low purity)

« CCQM-P20.d: Chlorpyrifos

« CCQM-P20.e: Theophylline (2
samples, high and low purity)
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Comparison with other NMls

Apparent Precision

Type scale: Total

////J o] B 77\ ~
\\
1 \\ \
NIM \ \
IST NM\ \ \
\ \
AM-D LGC \
[ w ‘\
.........................l....;
1 2 3
Concordance

Location: MMmedian
Dispersion: sMMshorth

LGC'’s performance in these studies is compared with the
national measurement institutes from Australia (NMIA), China
(NIM), Japan (NMIJ), Mexico (CENAM) and the USA (NIST)
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Production of pure substance RMs at LGC

° > 20 ye ars United Kingdom Accreditation Service

° Accredited in 2006 by UKAS ACCREDITATION CERTIFICATE
for RM production to ISO
Guide 34 & ISO/IEC 17025

« wide accreditation scope

 including pure organic REFERENCE MATERIAL PRODUCER
compounds. =

lsamadtsd accordance with the mcogled mmn: al Guide IS0 Guide 342EK]OGS ra re qﬁamer

* Pure organic certified RMs at T L
LGC: i il '.‘ed.'f;et“ﬂmm nmﬂm. and a the locatians

The schedule to this certificate (s an essential accreditation document and from time to time may be revised and
reissued by the United Kingdom Accreditation Service, The most nawn' issue of the schedule of accreditation,

which bears the same accreditation number as this certificate, is available from the UKAS website

* Melting point materials e i s
« Malachite Green/LMG 35

: itation Manng‘q United mn";'m Accraditation Service
« Solvent Yellow 124

Initial Accreditation date This certificate issucd o
30 Jun ZWG

— 30 June 2006

« Kavain
The Department of Trade and Industry (OT1) has entenad into 3 memorandum of understanding with the United Kin DGWN:UBOMN
Service (UKAS) fwough which UKAS is meoqnseﬁasmnauwifmynsw\s e for msmg and accrediting the competanca
crganisaiorss in te fields of calibration, besting, inspection and carlfication of systems, produsts and persons

-
« Theophylline
.,
« Digoxin

www.ukas.com — for accreditation schedule
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Multiple Independent Methods

 Used for pure materials
* e.g. Theophylline, kavain, saccharin, BHA, BHT

 multiple methods
« HPLC
« GC-FID/GC-MS
- DSC

 calculate a mean value
» correct for moisture and ash content
» determine uncertainty

 Moisture
 Karl Fischer titration
* loss on heating

« Ash content
 ICP-OES/MS
 Ashing

e Tharmal Nrvaviirnmyantrie Armnah/ecice
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Purification by chromatography

Ethyl acetate

ZET= . : Sintered funnel (@ =100 mm

MG + impurities >
(59) } Silica gel (300 g)
/\ Sintered glass

* 60A, Particle size 40-63 micron, Fisher, Davisil
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Purification by chromatography

impurities

Ethyl acetate

/ i } Silica gel
/\ Sintered glass
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Purification by chromatography

Ethyl acetate

=

: } Silica gel
/\ Sintered glass
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Purification by chromatography

Ethyl acetate

=

} Silica gel

Sintered glass
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Purification by chromatography

Ethyl acetate

=

} Silica gel

Sintered glass
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Refer lhffff!

Purification by chromatography

=

Methanol
} Silica gel
/\ Sintered glass
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Purification by chromatography

=

Methanol

} Silica gel

/\ Sintered glass
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Refer lhffff!

Purification by chromatography

=

Methanol

[r— } Silica gel

/\ Sintered glass
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Purification by chromatography

=

Methanol

} Silica gel

Sintered glass



Purification by chromatography
=

Methanol

} Silica gel

Sintered glass

Evaporation

S
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Purification by Supercritical

|

FIuid xtraction

Collecting
vessel

Pressure
regulator

SFE vessel

,0, Pump

Heater/Chillel

O, Pump




‘?)ﬂc
!ﬁg 2 ‘ ) Mmlsterfo c!o =
‘ Desenvolvimento, Industria 2 e

\'L'H{Mfﬂ'{:ﬁ Accreditation INMETRO e Comércio Exterior uUum PAlS DE TODO:
of Proficiency Testing Providers and GOVERNO FEDERAL

Reference Materials Producers

Supercritical Fluid Extraction - Principle

N

Expansion valve

SFE
Vessel
Collection
Vessel
Pump

= Supercritical CO,

Gas
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Supercritical Fluid Extraction - Principle

T

Expansion valve

SFE
Vessel

Collection
Vessel

= Supercritical CO,

Gas
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Supercritical Fluid Extraction - Principle

R

Expansion valve

SFE
Vessel

Collection
Vessel

=  Supercritical CO,

Gas
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Supercritical Fluid Extraction - Principle

R

Expansion valve

SFE
Vessel

Collection
Vessel

Pump

= Supercritical CO,

Gas
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Case Study 1 — Theophylline

Iz

CH;
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Theophylline

« Commercial supply:
« Confirmation of identity by mass spectrometry and '"H NMR.

» Packaged into appropriate numbered glass vials (septum
and crimp capped).

« Tested for homogeneity.

« Characterization using as many quantitative
techniques as possible, in this case:

« DSC,

 HPLC UV,

« GC-FID.
* Moisture determined using oven Karl Fischer.
* Inorganic screen by ICP-OES & ICP-MS

* Impurity identities confirmed by LC-MS
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HPLC-DA

0.0022-
0.0020+
0.0018
0.0016
0.0014
0.0012-
0.0010+
0.0008
0.0006
0.0004
0.0002-
0.0000
0.0002-
0.0004
0.0006
0.0008

0.0010~

11.871

yead uonoslu|
1 Aundw)

2.090  Z Ayundwy

3.904

T — T
200 400 6.00 800

Minutes

AU

T T T 7
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 2800 30.00 3200 3400 36.00 38.00 40.00 42.00 44.00

0.00207

0.00187

0.00167

0.0014

0.00127

0.00107

0.0008

0.00067

0.0004

0.0002

0.00007

-0.0002

-0.00047

-0.00061

qoay |

Caffeine
Theophylline

aulwol

L Ajundw)

Impurity 2

yead uonoaluj

T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00
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Certified Value

« HPLC (n=9, s.d =0.004) 99.938 %
« DSC (n=6, s.d. =0.01) 99.98 %

Unweighted mean used to assign the purity value for this material

» Impurity 1: 0.02 %
« Impurity 2: 0.05 %
 KF moisture (n=2, s.d. = 0.0071) 0.015 %
* Inorganics (ICP-OES / ICP-MS) <0.1%
* Overall Purity: 99.95 %

- Standard uncertainty (Uchar) 0.022 %
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Stability

° AC C el era ted testing Storage Time Storage Temperature
+ e.g. for temperature | TS | 40°C | 20°C | 4%C | 18%C
e 1 v v v v
2 v v Z v
3 v v v v

« Carried out under isochronous conditions

* Removes long term analytical variations due to
 instrument drift
»_use of different calibration materials
- changing environmental conditions
« changes in analyst or laboratory reagents etc

 Long term testing

« Compare results with samples stored under
‘reference’ conditions
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Expiry Date & Uncertainty

« Stability testing

 Expiry date - when a material is considered
no longer suitable for sale

« Stability uncertainty (ug,.,)

* Uncertainty

2

B 2 2
Uy =k % \/ Uipar T Upom T Ugp

char



o
‘Q ‘ Ministério do =
FE as & i ‘ Desenvolvimento, Industria a @ =
Seminar on Accreditation e cio Exterior UM PAls DE TODO:
of Proficiency Testing Providers and
Reference Materials Producer

EEEEEEEEEEEEEE

Theophylline

« Commercial supply:
« Confirmation of identity by mass spectrometry and '"H NMR.

» Packaged into appropriate numbered glass vials (septum
and crimp capped).

« Tested for homogeneity.

« Characterization using as many quantitative
techniques as possible, in this case:

« DSC,

 HPLC UV,

« GC-FID.
* Moisture determined using oven Karl Fischer.
* Inorganic screen by ICP-OES & ICP-MS

* Impurity identities confirmed by LC-MS
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Certified Value

« HPLC (n=9, s.d =0.004) 99.938 %
« DSC (n=6, s.d. =0.01) 99.98 %

Unweighted mean used to assign the purity value for this material

» Impurity 1: 0.02 %
« Impurity 2: 0.05 %
 KF moisture (n=2, s.d. = 0.0071) 0.015 %
* Inorganics (ICP-OES / ICP-MS) <0.1%
* Overall Purity: 99.95 %

- Standard uncertainty (Uchar) 0.022 %
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Stability

° AC C el era ted testing Storage Time Storage Temperature
+ e.g. for temperature | TS | 40°C | 20°C | 4%C | 18%C
e 1 v v v v
2 v v Z v
3 v v v v

« Carried out under isochronous conditions

* Removes long term analytical variations due to
 instrument drift
»_use of different calibration materials
- changing environmental conditions
« changes in analyst or laboratory reagents etc

 Long term testing

« Compare results with samples stored under
‘reference’ conditions
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Expiry Date & Uncertainty

« Stability testing

 Expiry date - when a material is considered
no longer suitable for sale

« Stability uncertainty (ug,.,)

* Uncertainty
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Case Study 2 — Kavain
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Kavain characterisation
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Kavain: Uncertainty contributions

Purity
determination

Moisture correction

(In)homogeneity

(In)stability

Total

0.000 0.020 0.040 0.060 0.080

Standard uncertainty (% purity)

0.100
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Issues & challenges

 Thermally unstable materials

* Not amenable to thermal techniques e.g. gas
chromatography or differential scanning
chromatography

« Materials with no chromophore
- E.g. some amino acids
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Further information

* Recent/pending publications

* Production of malachite green oxalate and
leucomalachite green reference materials certified
for purity. Anal Bioanal Chem. Published on line
16 April 2008

 Development and accreditation to ISO/IEC 17025
calibration status of a melting point measurement
facility for the UK. thermochimica acta (submitted)
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