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Figure 1. Metrological traceability in calibration laboratories: example
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lable 2. Number and types of some reference material producers (RMF) accredited under 150 Guide 34:2009

Number of

Country Accreditation body o RMP Some CRM types Reference
. National Association of Testing . ]
Australia i (NATAY 16 (not available) 45
Brazil ACZ:;':;E‘;CGGC"’;E 05° Elastomers, minerals, electrochemical, viscosity, ores 344647
China National Accreditation o L .
China Service for Conformity 3 oli.g:““: e clements insoil ‘:_': ;:"ﬁ‘g;";"“’:ﬁ 48
et (CNAS) clectrochemical, alloys, ores, pure iron, solid fuel (c coke
Organics, inorganics. clectrochemical. high purity gases. gas
impurities. pollutants in food and environmental matrixes,
; International Acereditation on components in biocthanol fuel, steroids in serum and other clinical o
apan Japan (IAJapan) chemical CRMs, polymers, steel, salts in sea water, GMO content
in food matrix, radioactive Cesium in food matrix, CRMs for
thermal properti
Japan Accreditation Board . ]
Japan UAB) 02 Enzymes calibrators 50
] Association of Analytical ]
Russia e (AAG) (not available) 51
Switzerland Swiss Acereditation Service 0 Organics; gas mixtures 52
(SAS)
Taiwan T?m:%’“f_}:‘g" 0 Gas mixtures, biological CRMs 53
Organics; inorganics; clectrochemical; gas mixtures; drugs of abuse.
in urine: cinical laboratory CRMs: clements in ferrous metals. non-
UK United Kingdom Accreditation . ferrous metals, alloys, ores, cements, clays, ceramics or glasses: w
Service (UKAS) RMs with optical propertics: CRMs for thermal conductivity and
diffusivity: CRMs for viscosity. density, flash point; biological
CRMs
- sais - Organics, inorganics, electrochemical, biological CRMs. alloys. s

ferrous metals

Organics, inorganics, clectrochemical, biological CRMs, rocks,

USA ACLASS 16 ores, minerals, coal, coke, soils, sludge, ashes, metals on filter 56
media, gas mixtures

“Based on the presentations given in the Aplac Workshop on Reference Material Producers, Tokyo, Japan, November 2013; "based on the accreditation

body website.
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lable 1. Some types of CRMs available in the market

CRM description Type of reference material Producer Type of organization __Reference
Microorganisms; cells; DNA logical reference materials ATCC Private non-profit 31
organization
OCP (HCH, DDE, DDT), PCP, AOX, PCB, PAH,  Organic reference materials BAM, Germany Federal institute 3
acrylamide. ochratoxin A
Elastomers Elastomeric reference materials
PS. PMMA, PEO Polymeric reference materials
Fluorescence standard for optical cquipment  Reference materials for optical
calibration calibration
Lubricant and diesel oils Certified oil mixtures
Sulfur in petrol Petrol impurities - reference
materials
CH..N, Gas reference mixtures
Boric acid in water with B isolope Tsotopic reference materials
Iron and steel products Iron and steel reference materials

Special materials (high tech ceramics, refractory  Special reference materials
metals, glasses, pure substances, car catalyst,
electronic scrap, ABS)

Nanoporous carbon, nanoporous glass Porous reference materials
Test materials for X-ray performance, nanoscale  Layered and surface reference
stripe pattern for testing of lateral resolution and materials
calibration of length scale
Silicon carbide Particle size distribution reference
materials
Bacteria and fungi reference cultures; cell lines logical reference materials ___ FIRDL Taiwan NMI 33
BTEX; PAH; sugar cane rum and its impurities;  Organic reference materials Tnmetro, Brazil NMI 27303435
ethylearbamate; combustible ethanol; PAH
Sodium diclofenac, metronidazole, captopril API reference materials
CH,.CO Gas reference mixtures
Conductivity: buffer solutions (pH 1.7.69,9.2) _ Eletrochemical reference materials
Viscosity (mineral oil) Viscosity reference materials
DNA, GMO mass fraction in food matrixes,  Biological reference material IRMM, Europe European institute 3637

C-reactive profein in human serum, aspartate
transaminase activity, Enterococcus faecalis and
Candida albicans bioballs (cfu/sphere)

PAH indust, PCB in fish oil afatoxin i feedingstuff___Organic reference materials
Vitamins in milk powder Vitamins reference materials
Veterinary drugs in bovine urine and in milk powder, _ Veterinary drugs reference
chloramphenicol in pork muscle materials
Metallic elements in food and tissues (milk powder, Element content in food and tissue
rice, human hair, bovine muscle) matrixes
Coal, coke, oil Thermal propertics refercnce

materials
Colloidal Nanoparticles reference materials
APl impurities ‘AP reference materials LGC. UK CRM manufacturer 38
APIs Pharmaccutical impuritics

reference materials
Pesticides and organic compounds Organic reference materials ___Dr. Ehrenstorfer
CRM description “Type of material Producer Type of organization _Reference
PAH, PCB. BTEX. aliphatic hydrocarbons, dioxin, _ Organic reference materials NIST, USA® NMI 39
chlorinated biphenyl, FAME, HCH, DDT, DDE.
organic contaminants in different matrixes (serum,
milk, tissue, urine)
Drugs of abuse (hair, serum, urine) Forensic reference materials
Ethanol and methanol in gasoline Organic contaminants in fossil
fucls
CH,. SO,. H,S. CO. CO,. propane, NO, O, Gas reference mixtures
CRM description “Type of reference material Producer “Type of organization _Reference
pH standards. pH biological buffers (HEPE), _ Electrochemical reference
conductivity materials
inc. selenium, copper High purity metals
Metallic clements in solution Element standard solutions
(spectrometry)

Trace clements in different matrixes (water, dust,  Metallic clements in matrixes
soil, fossil fuels)

Chloride, fluoride, bromide, sulfate, nitrate, iodide,  Anion reference materials
phosphate

Boric acid isotope standard, slver isotope standard _Stable isolope reference materials
Stainless Stecls, alloy steels, aluminum base alloys, _Ferrous and non-ferrous metals

lead base alloys
Ores, clays, rock and minerals, soils, sediments,  Geological materials and ores
sludge

Peanut butter, flour Foods and beverages
Tomato leaves, apple leaves, peach leaves Agriculture reference materials
Cholesterol, creatinine, uric acid Clinical laboratory reference.

‘materials

DNA profiling and nucleic acid materials, serum  Biological reference materials
and plasma materials

N, H,,0,.C0, CO,, HS.NO, cthane, propane, Reference gas mixtures NPL, UK Measurement institute 0
butane, pentane, hexane
VOCs and BTEX in gas reference mixtures VOC gas standards
Metallic elements Element reference materials for  Merck KGaA Chemical producer 41
AAS and ICP
Conductivity: buffer solutions Electrochemical reference
‘materials
Acids; esters; alcohols; aldehydes; amine; amides;  Organic reference materials Sigma-Aldrich  Chemical producer 2

amino acids: aromatics: FA / FAME:; hydrocarbons;
natural products: pesticides; phthalates: PAH, SVHC
AMOZ; tetracycline; phenylbutazone;  Antibiotics / drugs reference

sulfamethoxazole ‘materials
Benzoic acid, maleic acid and other 11 compounds _Reference materials for gNMR
Metallic elements Element reference materials for
AAS and ICP; multielement

reference materials for ICP-MS

Anions and cations Single-ion and multi-ion reference
materials for IC

Titrimetric substances Reference materials for titrimetry  Sigma-Aldrich; Chemical producer 2

BAM, Germany and NMI
AAS: atomic absorption spectroscopy; ABS: Acrylnitrile-butadienc-styrene-copolymerisate; AMOZ: nitrofurane 3-amino-5-morpholino-methyl-2-
oxazolidinone; AOX: halogenated organic compound; AP Active pharmaceutical ingredients; ATCC: American type culture collection; BTEX: Benzene,
toluene, ethylbenzene, xylene; DDE: dichlorodiphenyldichloroethylene; DDT: dichlorodiphenylirichloroethane; FA: fatty acids; FAME: fatty acid methyl
esters; GMO: genctically modified organism; HCH: hexachlorocyclohexane; HEPES: 4-(2-hydroxyethy)-I-piperazincethanesulfonic acid; ICP-MS:
inductively coupled plasma mass spectrometry; NMI: national metrology institute; OCP: organochloride pesticide: PAH: polycyclic aromatic hydrocarbons:
PCB: polychlorinated biphenyls; PCP: pentachlorophenol; PEO: polyethylencoxide; PMMA: polymethylmethacrylate: PS: polystyrene; qNMR: quantitative
nuclear magnetic resonance: SVHC: substance of very high concern: “Standard Reference Materials (SRM).
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Preparation of O-substituted coumarin derivatives.
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Table 3. Three-component reactions of /-hydroxy-4-methyl
coumarin or 7-hydroxy-4-(rifluoromethyl) coumarin with dialkyl
acetylenedicarboxylates and aromatic aldehydes in the presence of NEL,
in THF

Compound R R X Yicldof4/% Yieldof 5/ %
fa Me Me 4-NO, 60 35
b Me Bu 4-NO, 53 -
de Me Me 2-NO, 50 41
4 Me Bu 2-NO, 41 -
de Me Me 4CN 55 2
a Me Bu 4CN 51 -
iz CF, Me 4NO, 50 -
4h CF, Bu 4NO, 30 -
4 CF, Me 2NO, 2 -
4 CF, Me 4N 38 -
5 Me Me 4CF, - 92
5 Me Me H - o
5 Me Me 4CH, - o7
5 Me Me 4-OCH, - 9%
5 Me Me 4F - 07
5 Me Me 4Cl - 92
5 Me Me  4-Br - o

Tsolated vields.
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Scheme 2. Proposed mechanism of preparation of O-substituted coumarin
derivatives
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Table 1. Effect of difierent bases in the synthesis of 4a

Base Yield of da / %
K.CO, 35
DBU 50
DABCO 40
NEt, 60

DBU: 1.8-diazabicyclol3.4 OJundec-T-cne; DABCO: 1 4-diazabicyclo[2.2.2]
cetane
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Table 2. Effect of NEt; mol% in the synthesis of da

NEt, / mol% Yield of 4a/ %
50 30
60 40
70 45
100 60
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Figure S2. '"H NMR spectrum (expanded) (400.13 MHz, CDCL.) of 4a.
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Scheme 3. Geometric isomers of 5.
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Figure S1. "H NMR spectrum (400.13 MHz, CDCL) of 4a.
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Figure S6. Mass spectrum of 4a.
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Figure S3. "C NMR spectrum (100.6 MHz, CDCL,) of 4a.
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izure S4. "C NMR spectrum (expanded) (100.6 MHz, CDCL) of 4a.
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Figure S9. "C NMR spectrum (100.6 MHz, CDCL) of 4b.
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Figure S10. "C NMR spectrum (expanded) (100.6 MHz, CDCL,) of 4b.
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Figure S7. 'H NMR spectrum (400.13 MHz, CDCL) of 4b.
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Figure S8. 'H NMR spectrum (expanded) (400.13 MHz, CDCL) of 4b.
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