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(High Performance Liquid Chromatography)
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(mobile phase reservoir)

TLULER
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wRnmIhnuwraaeias smrdiadufieiouduwiaavainds kende (njecty vin
309 HPLC fhuszuudams (injector) fimansay miﬁ'zadmﬂﬁauﬁLﬁﬂg‘fﬂaé’mﬂﬂumw
»hm'naamiﬂ:a’mﬁa'ﬂ:ﬁ‘lmmmwuagmaaﬂnm asudasaiialudaianfaufidu
eflodnszozynauandain Mlkmsasuuenasnainiu wiswfidhdmnimefamusdy
mermaaiulaaninunsudouanslusil 21 suasidyamusasisnnugvtaiug
fn Sasiulasaratutiunmas
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- mwnamanzruiudnesasasans fesltluudszaSiaaaamiameiin el
Teaonlumsistouviamu@umiazmosseiimyiesey MILATUNRT
asafrsuLdarat i Wi sneasasi s naufAeluanda e

- mndumrusthnuay ﬂqﬂfﬁﬂLﬁ'a'ﬂaaﬁ'umiﬂm’i‘]aumﬂmnuan ﬁgnﬁglﬁalﬁ'
g (tube) TRz BRI IANES ﬂawnﬁaﬁmﬁi@uagmmia:mﬂ ensdilan:
gmiuNTad (metal fiter) vua 20 lunvow Wationsasssazandnasonowdn

Lfﬁaagu
R

gnad d ussiszaedunid Aldieiumsaranoane ﬁaaﬁmmﬁqﬂ“ﬁ
G naMfadasldansiad 'Bguqmmw‘%mtwﬁ (reagent grade) ﬁaﬁwa:aﬁﬂ'ﬁv’uqmmwimm
Inn# (chromatography grade) ﬁ?a'fuf}mmw%'tamuﬁ uszlfrinfirndalooan (deionized
water) iisiedpuasazaiuedauda nawhluldasdamiasehmiuniusu (membrane) Biia
Anwdosviazas fizzwie 045 luaseu  unzhiaufa  (degas) ATy (ia
flestumsiianssenmeluszuy Lﬂs'uﬁ'am'%aogu aodal  uasfinniees  wenvndl
sanfauluansazmuerainufitnnumslunesuiiusmglinesunlifanm lunsdis
Imrazamomiselinue Wohmldlumsiersdadiselufsanissuszidauiad) 1esas
HPLC Unq’uﬁs:uuﬁﬁmtﬁ’aé’ﬂuﬁaag'lum'%"m wdimansgmuidautadntoafifiod
luszvunnicfiedasflavnam  SemsidauAsrewhasazmonidom  maddauisd
Nauit LI

- AvauRslaslwusmdondu fidua ulenew unufiaamealusssssnodas:

- 'lﬁm‘sa:m:J@Tm::huu‘%nmﬁﬁmﬂuqzyty'm'm (vacuum)

- fndauiaaansdanmladin ultrasonic bath)

2.1.2 m‘s’laagu Lﬂuﬁ'm'uaam‘%'aoﬁaﬁﬁmﬁ'\ﬁ@‘mmmzmuv’h'n: IINMTUTUTTY

ngrunfie Smdams aadud Anniaad unziuviafoms soluuaaie
3 m”%mguﬁﬁau‘l‘ﬁ'ﬁa'ﬁﬁﬂmuqué‘mflmﬂﬂa'lﬁ'mﬁ (constant flow)

m‘%'aagu-ﬁﬁm reciprocating Lﬂmﬂ%"aagwﬁﬂmuﬂué‘mﬂmﬂwalﬁ’mﬁ dangu 2
¢ (dual piston) YNIMERUAK Wad (pulse) ﬁtﬁmmnﬁﬂgml.ﬁa:ﬁ’ﬁeﬁné’nﬁuwaﬁ Yl
FyqroafeananFoyliddneunduiad

riawdlalfindasflossdninresonussirdanasemesananizuulvnee  edas
viraudenssuiithlussuy Naommﬁmw:ag‘luﬂammmzmuuaz'ﬁaq'mn'm'l.mﬂ"’}aa
§U (pump head) matianasamevhlasldnszuenda (syringe) 1WA 10 WA, gam3
RLANHDBNMY draw-off valve IwnuaWaIama lapmunsndunaninvodmaseaadaiiu
WaRAnlE nimInWesamasanInvianaaudd Mdmsazawdir: uinlunszuania da
M draw-off valve Bty w%‘auv‘?’aLﬂmm‘slaoqu'lﬁﬁé’vmms'l“mﬂu 9-99 ua. wH A
FunemIaraafisanmadagviefesdadnadind dusanadlmasenfumoatnedaiio
uazsaiae Ltam'h‘hiﬁwaommﬁ'lum‘%‘mgu Jedansduiitnlurzuy
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dannitlue Semnfndennslueth 9 afer 0.1 saand Wlolleerwlal¥veesiniian
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213 wuvdesms duswvsaeiasdefivmihdithesazandaaatnaadig

finanouuy dadaluil
21.3.1 &N (syringe injector) #HSaridamndrgrosuilasnse e
AT AL (septum) uaslirnwensy  ualiifoy
14 flassnaudine (precision) lumtdassen lunsdiildimdey
ot ldAamsUwdlanornimenle
2132 M&1  (sampling injector) (IuAtAAuulFn Hassinenufiselu
nMiSag Emsdaasrneai waugedamiaaiivagiu
funid load EF3eruunefimansau Q8170199 famatly
sample loop §13A18£19921I33914 loop FuLEy Fufindoszduaan
n Lﬁaﬁ’aamsﬁﬂmnﬁﬂgﬂaé’uﬁ 'lﬁm;uﬂﬁwaaﬁ'nﬁﬂmagiﬁ
@i inject  @TRraIL@ITEITARauAN I TRt Ra gl
mydemsuuuitd 2 3360
1) fixed sample ioop WWumsllaandu Ioopzl'ff sample loop YuUIf
fegauATIMmINzENGILE 510 20 50 100 lulatdas B9
1 8. milnfuwsiidedassdataltnasnni
UI1Na7109 sample loop Uszanm 3 1yin
2) partial sample loop %38 variable sample loop THAEHN
maunukuuwInkan IRamsitUsunastasninyIviaTues
loop  sansnAnnulsnFinasuesmsdaeieldlanliges
Waew sample loop udfitalFefa muquﬂ‘%mmmm:maﬁﬁm
gn
2.1.3.3 MIAaRUUUAaIuiR  (automatic injector) 1TunTARTITER0E7
wuudaluifnugumetamdanlalasinsmmsas wia
aouRnaad i mivldiumwdiensifinmsdaamaationiu
MU uazNIATRLdRzarataldiaarinnu
214 apaudl (HudmwesaiosdafvimifiuanaTnan ﬁ‘ﬁﬁgﬁlﬁﬁﬁﬂaﬁuﬁ
wnanliafia  (stainless  steel) ﬁ'ﬁﬁmigmu‘luﬂaé'mf (packing
material) uﬂn@mﬁuﬁuagﬁ’umwd’aam‘mao@'h‘f asduinltluinada
HPLC i wanuriia i{uagﬁui’ﬂqﬂi:mﬁnﬁl'ﬁmu W Muonans  1iles
Aundadaoynislinuvesnasuiflduonas dudu



2.1.4.1 apduiAlFuanas (analytical columns) Hunaduifiviwiafuan
FIINAN EMAIBTIIANENIPa AP 10-35 Ta. LFUHEUINaN
molu 1-10 3. msﬁmsqmu'luﬂaé’uﬁmmﬂ 3-10 luasow a3
ﬁussg’luﬂaﬁuﬁtmn@mﬁ’uﬁuaQﬁ'umuﬁ%mﬂ:ﬁ Muinazne
pasnasndadisazuniefivhonminlialin  etloarulalwes
meluaaduivaaaanan LLa:tﬁai‘Jaoﬁ'u"l.aj‘lﬁmgmmﬁnqﬁmfnﬂu
FowlUlueadnd s unansandasuilunidon  (nut)
IadadfuYiaTadszuy HPLC ﬂaé’uﬁﬁﬁmiﬁaumﬂﬁmaﬁnw
Tuaasufnnai 9fu Boatusdomiiane (uniform)  waznuda
AU IUA
ﬁau'l'ﬁ'ﬂaﬁuﬁﬂﬁﬁﬂm’maa:t'é'm'lugjﬁal,ﬁmﬁ’u TAusadud aueng
qmﬁﬂaé’uﬁ%’u‘lﬁ 'nﬁmLLa:mmmaamsﬁmsq'luﬂaﬁmf Funnwaa uazitnasou
Ussdnbawzasresnl  AandenssulidrluszuylRunagnasusasfienany
wavasmaammfidmiuesnadnl  delignfiemauassziandaliaaduian
waanTzUNNAL
2.1.4.2 mianasul Lﬂuﬂaﬁuﬁﬁﬁmuweﬁu’udaay:@'ﬁwﬁwaoﬂaﬁmfﬁ'l,‘ﬁ
LHNENS mu'lumsqﬁ"magmﬂ“ﬁﬁmﬁmﬁuﬁ'umsﬁmsg'luﬂaﬁuﬁﬁ
Tdusnsns Luﬂ'ﬁmmmaamgmﬂ'lmyjn'hLﬁ‘aﬂmﬁu'laﬂﬁ’t.ﬁ@m’m
duaniinll mi‘ﬂﬂaﬁuﬁﬁwﬁﬂﬁ"ﬁaU'i'mmuqn'lﬂ'ﬁ'mmaa
aaauuanaslassanIndusymMaLEng wazETnBada (retain) Tu
aoauilldd  wananiilwnedia  Liquid-Liquid Chromatography
(LLC) miasaduliirlvmasaneaedudadamnidwats
dlomsasspirziueasniflsuana s liinaislunasuil
RZANIWAADANNTEN
wonenfingnuuda  tifleadniBnnanssdefildluinefia  HPLC s
HunodufianzuaclBlum s nnesfiiawing (5% pre-column  post-
column WAz suppressor column
215 dneas  lumedla HPLC wiailu 2 Yszinn fa
2.1.5.1 Bulk property 38 general detectors Samsiauuuyasautia
MIMENT YIS IRERENINNG AomsasaueTeiuasi
AT 1w mTiemerIsivnivaasansazany (refractive index)

UL AEUAN®IA (conductivity)
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2.1.5.2 Solute property %38 selective detector Foansisuuasfifia
mnauldresmsidemsiifpiniaer wu Smneedaiia
dan31 1 lowe-i70s Wasaumaud uazBidninmiales
finmeas  Alflwneda  HPLC  Swsistle  udssrfiedindnnmiuen
@hoﬁ’u’q’iammszﬁmﬂ:ﬁm‘sﬁﬂmﬂuﬂﬁmww:ﬁme@'mﬁ‘u

=l

- fmneassitaose lawedfis i‘ﬂm?gﬂnﬁmmwaamﬂwﬁwm

[

=)

we:  ARfa Seredlenmsdunss uasmsafiunie ﬁ'mmsnﬂﬂnﬂu
e e T.ﬂuﬁmsa:mzJﬁwz"lsjgmnﬁuum'lwﬁna'mm’mﬁu‘v’i%mﬂzﬁ oK)
anianlinuatinaniienang umi’umamtﬁﬁﬁaoms"‘amﬂ:ﬁwﬁﬁ"m@m
nAuusd 1w uanlasouuazusuloasn m:‘lﬁmmzmuﬁ')’ﬁ:ﬁg@mﬁmmﬂﬁ
- finniaairiawgaaisaaud ‘Tmmi'mummammﬁagnm:cﬁuﬁwum;ﬁ
aiarfiaiideudnsamznzasdslitumsnesfiominin 1w Sadu
f58uAdl (biochemical species) 7 (pharmaceuticals) LIluein
- Grneairiaiuninindeef Yadarreivnm vadaisezans LElwnng
AnnanTssamrinas
- inmeatofiedianinsedids IdlunshenesdasdsznaudunidlSunm
Woulwi vaowan msmﬂﬁmﬁwLﬂ?aa’?ﬂﬁﬁﬂﬁﬁnmﬁ% LT1 UBNIND
Tawed haunudiad URARBULNAT
2.1.6 m‘%‘aamuqml,a:ﬂ‘::mawa Lﬂum‘%'aaﬁazfnwﬁmuqumiﬁfmumauﬂ‘%aoﬁa
fming Tummeusnanyiarsd laomoausadiulasnnlnuns
GTmam'lugﬂﬁ 2.1 LLam‘fﬂgaﬁﬁMﬁ\ %uagﬁ’umwm‘famwnaagﬂ'ﬁ n
TnsnTnunsamibisstsznaudedyaufldnnnsiasmsazaoin: &
Duiduasnrdnavaionin  baseline fudygnadidnnmisiams
Aneilumatdilisnwuniiveaounay Sond1 fin (peak) dnwme
mﬂoﬂnmw:@m‘iaﬁﬁnh baseline %uayjﬁuwavhwaaé’rymmmnnw
Saazanadr: ueaImienesiluasssaindaaing asudazsiielw
Anflasenariu nma’mqmﬁuﬁmmsﬁwaﬂﬁn Bondn Sinudwlng
(retention time, t) ATWFIVEIAN RUWUFTUUS U M sIm TIRE TRERNLA)
ALY
2.2 NISATIVFAUAMMINAIEANYDITEUL (system suitability)
wins HPLC MFlumdAlamsimadsqmnm  wesidaffina mansefiensias
Iamsawss uazesafiundd  @athefbanensides wisulwiluueanar mald
wins HeLe lumdensdes  Sulludanfonnasin asfussnovnsImIasaInas
wazdanmsimaasmsasmemrsfimneay doldsmasiildhansdamsuds @99
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nagouanuvanzEnyasssuunawh Witluerw  anumuzsesrvufinasauls=nay
G0 NUWIMWAAAIUNNW]) (number of theoretical plates ,n) YBIRBRNY AMUTNINATVEINA
(peak symmetry) AINITLEN (resolution,Rg) I.La:m’mmmmlumﬁ'ﬂﬂg’l(repeatability) Ya
Audifn Anugaaadn ursfinuulng tizininwrasnaauianasmuaigmildanu &
indsduindasamiramlinimwusinedufateminema  elvanySiameie s
aruidada
221 muniniawsesnednd  wasssssdwawwaamanged  wildan
mﬁmﬂ:ﬁmm’msgmﬁlﬁﬂammaé’nﬁﬁuu:ﬁﬂuﬂﬁa winenufivad
UjidEnnidan f‘hmmmtwammniﬂmﬂmmmmmmimmgmﬁo'ﬁ

2
n = 16 (ta/w)
- 2
#ig  n = 5.54 (tr/wyp )
tr = Tinutulngd
wo = ananTreIRnhi
v o A d
wiz = AuUNTWesfinfiedirasanug

2.2.2 ﬂ']’luﬂumm'ﬂmﬁﬂ “'lvtﬁﬂ"!ﬂtﬂiufﬂﬂuniumﬂﬂﬂji%tﬂi'\:ﬁfﬂ?ﬂ'\ﬂ?ﬁ'\%
o v, o o
’Jﬁn’n"}ﬂﬂ']Llazﬂqiﬂquqmuﬁﬂﬂlujdﬂ 2.3

PEAK ASYMMETRY FACTOR ¢ %

1 -------------------- } 10% VORI WIITN

m (uhy—

ol -~ o~ [ [3 \1. - 15
31’“ 2.3 URAIANBETBINA LRzMIAWInMWNLIAESAY UFUUNATUBIWN

' ~ o A - ' e A
223 dmsuen denuddguniunsierzsdie il maioriensusu
i m'su@ia:'nﬁﬂﬂ'mwnmnﬁ'u‘lﬁazmaugirﬁ lunsdlmawidiunm #n
Jn b w 4 1 ) -~
YR4ENT 2 Wn AReNuaaldInuenuInn 1.5 dnnsuenwlleean

= J ar =3 i
Tannlnunsyraamsiersimmnapuwinauis 38nsiaduacnis
o J
Awrnsumaalugui 2.4
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+*v A R { o el
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Wi, Wy

224 aumansolumiadn Weafuaaenuetos (stable) 1233z UY W1'le
PnmsiemTRsasnaTuianzmnTeiidieaii Jisinm 3-5 %
ﬁﬁmm@hmwmf}mwummgmé‘nﬁwﬁ (relative standard deviation ,RSD)
PaaRuAIAn AUFIVBINN LAz Fonutulnal

23 myleseviBiaminin

AMTIATERENTINIATEd HPLC damannlidmiumsiensimiSinmmslum
athe uimiiemsim S aiudasiusuriievasmsludainnauialwissoumsazain
margldgndas Tesundmaita HPLC laflaulFiiansidqmamnlasess ssfidin
ARTeddwis HPLC doammurisuudrinfiummlszianla dayaann HPLC Tailwifies
ntwswiniuinuasssazls msPuduRnmiifasaanuazsadag 2 5da

234 Whsufsuddimuiulnfsaimsiudadeivamanasm ssriadon
mdlenstluanmismmassuifsanuasdaFinutulniivinnu

232 Wumsamaunaspundutuanoidniseaslussazasdiodnaiondd
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Iy = = - a ' o
24 myiwmenidliann umsiensdmermBnmasiumtazsemaiifiauly
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AaBIun Luriuh
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nsfiarafeturseinsiemafms i Suduind linefl #uddinlinedt #nlausn
(loss of resolution) Anuan (split peaks) baseline Laau%un%aﬂmﬂaﬂnm (baseline drift)
use Annde (broad peaks) iudu Tywimsrdmusodnwusan3tusleldndimus:

ana1Ted
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=
nIneandn 2.1

= a Qs = o
m i’]tﬂi’lzﬁﬁﬂﬂ 'smmm‘mmﬁﬂ‘lmmaa #1879

@

mqﬂs:mc-f

! B Py " (Y a a &
1ife@nwdndszneviuginsadaissHPLCUAz M Il gminanafindusy
A o > v A A v v
WWINTILD L2 -'nai}:ﬂ'l'lﬂﬁ']n'rsn'l.'mmaoua‘lﬂamognﬂao

i -l v o
C o, inefnwAT e TsRenslas a3 HPLC

=

A P-3- . s
3. INDFNEIDATIIRDUAMULNUNERUDDITEUY (system suitability)

A -~ B a .
4. aAN¥ITMILIIN mminuLﬁu'luTa'ﬁu

mMinaatad

methylparaben  ethylparaben iz propylparaben Ifillwmsimdslu o1 emnT uae
1730381079 methylparaben L‘T.JumiL'ﬁJUzdn’m‘ﬁtyl.ﬁﬂmﬁﬂvhmugﬁuvﬁﬁ (antimicrobial agent)
§I% propylparaben [Thuensfildanidauuafie uasshian (batericides and fungicides)

nassaman At umsiened ssiuieludairelatu ldun methylparaben
propylparaben L&z ethylparaben whanldrnzmsiemsifmincsuusy  aveeu
ATNALIERNTAITELY o S mwaaradnedil  AnusAnaTedRin Fmuen
wazanumanIolumsiadt ud B inmasludiotedit external  standard  ua:

internal standard
A P
ia9addd

A
1329 HPLC Usznaunay
-
\AT0IgU
d‘. o "w o
ideshdaufauunlzuugygme
fnniaa¥ ﬁﬁﬂi’ﬂmsgmnﬁuumg%
Y A Y
ADURILADT URzATOIRNNNG
o
AN12:9091A509 HPLC ALY Iwn13uan

naduil 1ia |1 Bondapak Cq  L¥WHNEMENNI 4.6 WY, 817 30 a1,
fIRTaEmTziumnaaly  60:40 laglSuas
v a o -
Famiganfuusanianuninin 254 TR RITEVOT
ATIMT WRUBIRIREALAITE 1.0 VBT
et a
Buetansiae 20 lulatdas
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gunsol/ taTaouna
F3BINTAIRTTRSAN BT
TANTOIRIIREML AL
ulasdet aue 100 lulasias
29 10UT0T YW@ 100 50 uax 10 A
TuasfieTadiunas au1e 1 uss 5 WA,
Tulastlievuna 1000 lalashas
3ol anuasiBus 0.1 un.
wi3aariTaudauuy danmlaiin
WwatuTHEWiunTaIasaunig
2IRUWIALEN (vials)
FaeluazifinTanarsacans
ARG 'Bv’uqmmw‘%mmusf ﬂ”wha:mufuqmmwhmﬂnﬂw
1. methylparaben (methyl p-hydroxybenzoate) AN\ TNTW 1000 WN./RAT s
methylparaben 50 n. azaulu methanol auvawdiszauvue islgre
3naTa179 50 Wa. LAy methanol udadaSunas
2. ethylparaben (ethyl p-hydroxybenzoate) ﬂ’)’lﬁl‘fl'ﬁﬁ% 1000 uNJAqT %9
ethylparaben 50 ¥n. a8l methanol awvasudsncmanue thelduia
Y519 50m18 50 ua. fin methanol sufisTiadiunes
3. propylparaben  (propyl p-hydroxybenzoate) aadudu 1000 un./Aas %
propylparaben 50 an. st methanol auredudanzaranua diglgule
UFna3umia 50 16 iy methanol auiivladiunas
4. methylparaben 731 TuT% 100 un/8as Thuamsseae methylparaben AW
Wudu 1000 un/Aas Ysunes 1 s, melsuaiafSuiasewe 10 us. &u
methanol auflalal3inas
5. ethylparaben AMUTUTU 100 un/8aT TiUas1T ethylparaben AULTUIN
1000 un./Aa3 Y3unas 1 wa. tholsviatatfinasuwa 10 ua. W@a methanol
wmisdafiunas
6. propylparaben AMMLNTW 100 Un/Ray TiUaeIarant propylparaben @1
[udw 1000 an/Aes U3nnes 1 wa. dnldviainfiunasaune 10 us. du
methanol IufvdalTunas
7. L@TDUFIREANUMNRUYDY methylparaben  ethylparaben U8 propylparaben
anududuyinnu 3 szauanuiduin 1 5 uar 10 un/Bas lestams
ATENL9INTD 4-6 W 1TRARZ 0.1 0.5 usz 1 wa. leTunussluziatfinassue
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10 ¥a. $7U2n 3 luaudey L&y methanol auddadIanes nTosasacanasu
walut 0.45 luaseu vufindoyalua1sef 2.1.4
ETHURITRZADUAIFIUNGULDY methylparaben MU propylparaben 472w 3
WeNARZYINAANNTNTUTBIRTREA VIO TPINYIINUTHSA: 1 5 Uz 10
unAaT Mufey AeTsuaiuda 7) @u ethylparaben aandatu 100 wn/
803 UTuney 0.5 ua. )79 tWBLDW internal standard udnz17@i ethylparaben
4 [ Y o o La A
anadudu 5 un/Aes dufindoyaluaani 2.1.4

9. LUNUDR
:‘ ﬂ‘ '] L
10. sififdalonau
A0 VURENITIATLNAIDEY

dodnalatu

1.

= o
1D
1.

WIsNaTRzaefatNEMILAATAlatiS  external standard  Thulalatu
U3nas 1 va. dwwldradiunasuwa 10 ua. @iu methano! auflialiunas
NIIRNTASAUEWANLTHIUNG 0.45 uaTan
WwInuTsara a0t g nIVAe A leedT internal standard 1% ethylparaben
ety 5 un/iaT 1w internal standard  ThalalatudlagnatTunas 1 ua.
tglgraiinasmuie 10 8. &y ethylparaben anandudu 100 un/aes
U3unas 0.5 ua. {4 internal standard (@uETasanaare amdelatunes
naaag

WWINRNTRERLAITE

n38d methanol wsz dinduniathfirndalosou FIMLIILUTHIUIATEY] 0.45

lunsau lalumadmivusnaiazmodszawna 1 &as hldlsemea dapd

L - al [ d ' :
aanTloin wiu 3-5 Wl (FnaNeTaranguiin)

" -
2. @ToueIavils HPLC

2.1 L‘ﬂﬂm‘%'mﬁav}nﬁm 1efun Lﬂ‘%‘mgu wiashiauss (@) finneefiedas
Auien uazeiasnanfome fonudiey

2.2 eanetemeeanantzuulasly 43 g}"':‘ﬁmngjﬁanﬁ'l'&'m‘%‘mﬂa

2.3 denpduiiiniuTzuy 'lvT:Jmugnﬂsﬁmuﬁﬁmqmﬂ“wmfma:mn

2.4 FMnesulanavhasay '?1'ﬁmwﬁ'ﬂ"mg}s:whommzmuﬁwzﬁ’waomm
ﬁa;li'luﬂaﬁ'mf (intermediate polarity) wiRvrumIAzM BT g
aaaulszanm 30 wifl wisaunit weumafuuud (absorbance)ugaailu
#nafl wia baseline Aafl

3. NMYIATIERL IR

3.1 SamIaranndIntne it 1 Whessinl ufnlesininunsy
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3.2 wiimsazapnts 1 dUssanm 1 48, W@UENTaZaNe methylparaben
Aty 100 un/ @a3 Uszanm 1moe famsazapiwfinlasunlnunsy

3.3 |AuaTaLany ethylparaben ANALTUTH 100 un./Aar Uszanm 1 woe adlu
mvazseluda 3.2 Eassszans tuiinlasnlnunsy wie vind da 3.2 ud
LANRITRZRNE ethylparaben WNW &13AT818 methylparaben

3.4 Whvuifisulasulnunsuda 3.1-3.3 Tuiinuassluanmoafiz. 1.1

. ATITRALATTUNNAIZRAUVEITELL

4.1 ﬁﬂmiﬂ:mﬂmmg'lmmu methylparaben ethylparaben (L& propyiparaben
anududuriioa: 10 un/Aas srlivesndt 3 a5 tufinlasinTnungy

4.2 FIUIUNT TIWIUNER ANURNINATVBIRN FNITUEN  LRSATNEINNI
Tunsingnenn ﬁuﬁ'ﬂnﬂ‘iaqu\mmﬁn uagSinuining ufinnasalu
aTafl 2.1.2 uaz 2.1. 3

. MAeTEAmyUTnueslasiT external standard

5.1 aﬂa’ﬁazmuu'\@l‘sg’luwEmmethylparaben ethylparaben War propylparaben
anudindusiion: 1,5, uaz 10 un/das Tufinlasualnunsa

5.2 AEUNTINANATHIINIENIN AMATNTH (UNUKDU) fuuAfn Wnuas)

5.3 Gamsasaadiatne aanda 1 Tufinlasaninunay

5.4 wihinmanslumseaoiiodn TasldAuiifn snlannlnunsuds 5.3
wanudutulasfiouiunTvinagwaenda 52 Tufinealuarmed
2.15

meneirinumslesdt  internal  standard  (lunsdifeasdnglud
ethylparaben}

6.1 5.ﬂmm:mummg’mwﬁwaa methylparaben (R propylparaben ALY
Jurfions 1 5 us: 10 unJAas 71 ethylparaben Aty 5 un/Aas
«Iu internal standard tufinlasanlnunsy

6.2 WrunreznianuiuiuraimIazannas; iy fudandmAnian
ﬂmmmzmummﬁmﬁuﬁuﬁﬁn ethylparaben

6.3 AnTeimiazainimathafifl ethylparaben 1w internal standard (9n7a 2)
withnalas  fisudenswiuiin vesmiflensiiuiuian
ethylparaben 91nATanaIMlude 6.2 Tufinualuanef 2.1.5

. munnlillunsulwefesnoufunefiliznans Wounminasgu  uss

fuwrnFnnumaludedig

. foussfiunesfluanmes  dlildldnnadsdafinimmeanadinioan

nzwy Jegnirisliiniuwduivlundas

e —
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ANTVURANHANITNARDY

d = -l as
@15790 2.1.1  sieuasTinutuindvassy

as

Siudwing (waf)

methylparaben

ethyiparaben

propylparaben

4 . ¥
N19N 2.1.2  AURIINTDIUNITIREN

a3

ANFINN

¥ 1 v
Aundn | Sinwgulngd (wad)

methylparaben

ethylparaben

propylparaben

o
A179N 2,1.3 HANTNTIIRBUANVINNIZRUDDITELY

ag Sinugulngd INRA ANISUEN | AIANANNIAT
(wan)
methylparaben
ethylparaben
propylparaben
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] . v o4 . edq v a
M99 2.1.4 'JJB!‘Jjﬂﬁu'lﬁl‘nm:ﬂ')’lm’lmmwumﬁ’ﬁﬂ:mUlJ'lG]‘ig'mYﬂ'ﬂm‘m&Iﬂi"lﬂ&.l’mig'm

TTol external standard internal standard
a9 a1 | Y3anaT | anandnau | USaies | anandatw
Wuw | (A (un./am3) (%a.) (Nn./8n3)
1
methylparaben 2
3
1
ethylparaben 2
3
1
propylparaben 2
3

| - -
A1719N 2.1.5 ﬁ‘gﬂnan'mmﬂ:ﬁmlﬁmm

U (%)
#3 external standard internal standard
methylparaben
ethylparaben
propylparaben
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o
nINeaadIn 2.2

- A 4
amTaeTzdrdsSumnundnlaglgia3as HPLC

JaqUIzasn
A‘ - ada [ & 1 L% d‘
1. WafinyitiensvvmTinmasluaatalaylfiaiod HPLC
P -
2, INAFNI I TATI9RE LA IIMANE RN DRI TS UL
a a o '
3. iawSann W anluaang

mMInA[aY
Minau ussdssiandamasse ﬁngmaQQ CeHigO:N,  Hamandl #a
1,3,7-trimethyixanthine  wulustsumd Wwlum wianuW wialnld walesn ¥ay was
mandansiwigasmnild  laolfuffimadedu  (methylaton) zaseiilalusiiv
(theobromine) nunBuazawld@unluirian ueanesed uszesaliafy szawldiniay
TwunduuazBined flganaaunan 234-235 *y mm‘m‘snﬁm"lﬁ*?‘iqmmuﬁ 175 o nuWBudl
qn'ﬁ'lum‘m‘::ifuﬁ'z'l.ﬁ) dewemondanile  memawmdhinlfiiiuenszivthe iR
upanegad winwumaundy 1Dudu waiszanuwbu o tiudhluinmaunidinly
(200-500 an.daTuyinlw eduld Yaedswe woulindu winedon waslionnsfadu aulnd
umiduldaafis 200 undein  &innuanENITANIAMITUALEN AT
nuBn lwedasfin Winuawlalibu 50 un.AaniisuIIINNIIA
widSnsmauluo nun wanhidaan  weisudetefilivussuddlasazans
ﬁ"szﬁ'auwm:ﬁm:ﬂ'lmme] LW@NRNTAZANY potassium hexacyanoferrate (I1) trihydrate Waz
BIRANY zinc sulfate heptahydrate LeanN@znanaITiotn  NsILNAZNEUGABNTLATS
N384 Whatman No.1 LaznIsdusnaumalingdan wawmswe 045 luasaw waniz
mMiaTERAmanan WRZATIIRDLAMAUANITENYDITELUY 1A WIS IUIUWER 7
MIusNUEIRNARaRU AuENINRITaIRN uazaMuEuslvmsiadn

3neile

1@389 HPLC Ysznavdas
m‘%‘aogu
\Iardaud auuulfruugygIme
anniaefriaiansganauuastog’
AoNR A TuanA T BRI
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p .
AN UDILATDY HPLC Al lwnsuan

DA TilA L Bondapak Cqy LEUAIEUENR1Y 4.6 1w, 17 30 T,
RITRSRILAITE LWIMUBR : NIaTant wasidusd  30:70 lasUSunas
[ "] -] :‘ Al

amIganauRumINAMUETIARY 254 WIHLUNT

SATINNT IMRUAIENTRLANHANTE 1.0 NR./u1f
Wasvasmsfdatuedas 20 lulasiag

¢ = [
gUnsnt/ 1A3a9un7

v
8191159 u (water bath)
nIsa¥NIadtua¥ Whatman No. 1
A v o - -~ P
wInauaug mllaunummesasfi 2.1

A1TAN LARTNSIATUNEITREAY

v al - - ]
'l'ﬁmnﬂu'nuqmmwnmaum Wi Iﬂ‘m’IIYmTM

1.

mIRsaENOIFUNIER aadudi 1000 wn/Aes TonuWdn 50 wn.
szanglwinsuiidausunisiisssomun meldmeSnesawe 50 ua. MW
\iuasvingmnniives wnbhndwandedazinag

mIacanonaizm Alalusiin (theobromine) ANttt 1000 un./Aes 5afile
Tusiiw 50 an. senulwindufisanonnseioazmenue aolduaadiunas
YUN9 50 44, ﬁw’lﬁ’tﬁumwhqmﬂgﬁﬁao Winihnduaniedafines

. EIasatanaTunudau anududu 100 wn/bes Tulemsazananndu

Aty 1000 an/Aes Y3unar 5 e, teluureiauTunasouie 50 v, (é
dnduaniivdnlSinas

gmiasasnaspuflalusin . emadudyn 100 an/Aas Tuemsassodila
Tusiiu anudiudu 1000 n/Aas Yianas 5 us. toldwmadatiinatoua
50 un. @i naneudsiinSinay
sInsarnaspuNsnaInBunufilelusfivenududusiiass100 un/Aas
Tulammzarenunduiuiilalusiivenda 1 uas 2 vflea: 5 ua. leruiuls
aTaUTinasine 50 us. Wb induanieiafinas
wisumIasaronanvaInWBuiuiilalusin duanudududrgfia 5 10
20 40 ust 50 un./Aa7 lastwemazanands 5 vfSunas 05 1 2 4
use 5 un.  mwdey deldeialiinesuuie 10 ua. SN 5 110 G
induandeiatfanas ﬁuﬁnﬁ’aa&ahmﬂaﬁ 224
W@IsassasRnaIPIUIHBuaNTNTUd9gfe 5 10 20 40 uas 50
un./Ant lasdiamsazaoande 3 1115305 05 1 2 4 us: 5 ug. o

drou  toldredaBunatawe 10 8. U 5 170 W@NRITRERLNNGT
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gufilalusfiuandes 4. 15anas 2 aa. 1w internal standard sslussazany
ANATFIUNUWHEUN NN Gdnhnaueuiefariinas Tufindeustuammed
2.2.4

L@THUENTRAIY A 99 potassium hexacyanoferrate (II) trihydrate Wiin 3.0n%y
seawhwingu toldnedinesywa 100 v, BuawinduiafaBunas
L@TLURITAZANY B %9 zinc sulfate heptahydrate wiin 7.2 n3u azanuluingu
tnolduaeBanasawa 100 18, Buswinduiidabas

10. nyed@anaMuENTY 1 Wafidud lastSinar 1thua nsaoddnanudu

L% 1 ) Ad 4
Tu 995 wafifudFues 5 wa. dvlgratSuesuwia 500 s, A
fdnlasaudszanm 300 va. WWuuds@afunas

11, LAMUaa

12. irfifdalansn wia dinau

M08 LasnmIaTeNaIag9

L [ J - L ] «“ A :’
drnanllumiiiemey 1o nurieaza e mMunkaunsandy i

Y - v oA o o
ARRAN / WWTNIRNTHAVIN TINREMEIUN  TINRUWTBNAN NIaToNA81IuaN

TR
AN UAIU

1.

mu Tamuvnaazmeiud sinsazduaszanm 0.1 N asatlwiifon
UT5aNTh 40 NR. TNSTRIUMUA  LANTIATAIY A uss B TRARE 2 NA. HIUN
gradan win 10 wift twlsralfinesuwa 100 ua. ﬁﬁ'lﬁtﬁuwhqmm‘}ﬁ
¥o9 duinaueudilnlFinas nasunazneuiILNTIAMNTEs Whatman
No.1 thmsasmofinsedldnsossimwaium 045 luasan dmsumununss
fudap 1hiwindade 0.2 ndy
ihdaay arnhsaaummaltldBinasfiuinen Tide Yszanm 10 wa, 18
amealaslisedannlafin win 3-5 wifl 1@umTazans A uas B rflaas 2
un. waum sratiidan win 10 widl televretSinerowe 25 wa. vlkdu
ihaunniiias udnduwandedaiineT nissuenaznaudaenIEAENTae
Whatman No.1 Wansasanefinsaeldnsssdmaunium 045 luasau
THIFUToFL
3.1 dfmetnT 1 709 susiwihiausznm 40 ws. windliznn 15 wif
doldadinamwe 100 un. Wubiausdudiadnniiae 15 ua.
$man 3 af1 dshaslusedulunestinasluda ldidurigunnd
wae daninsueniielinSunas
32 flulassazanganda 3.1 Y5unes 10 ws. thelainmaduune 50-100 va.
BuaTasent A uss B 1ians 2 15, aoum srainden win 10 wift twld
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229151195110 100 VA, ﬁn'lﬁtﬁmﬁqqmﬁqﬁﬁm Warknauauieie
30705 NI8ILENAZNOUNILNIZMBNTDY Whatman No.1 thaniasa1on
nsadlemsassnwaaiuTn 045 tuasau
wwipymTesanudrailanliifustanaznan  TanunmIRsateuR  arng
P 4w : L ]
seidpaltsanme 0.1 N30 ReanalwinToulssunt 40 U8, IUAZRIUNNG a8
w PR 1 [
lavad3unes 100 . ﬁ':'LﬁLﬁuwhqmﬂme WunauanddaySunay
NIMIRTRSRIBHIUWLTY 0.45 lunsau
-t a | ale a ~ v e =
WOTHuETREADMatNT Alalutiuamuitutu 20 an/Aas dw internal
standard mMiLe3auarpaltiTeade 1 - 3 dewdiutBunasndy Alalutiiv
ANUITYTYR 100 WA/AAT YT 20 wa. adludadinud wasBues 5
R, Arankisaau

Atnaaay

1.

@ ITHURIRTRLAITE

1.1 NIBAANIUER FIULNNILUTH 0.45 Tunsau rim'lﬁmﬂﬁm%’uu*m;mm:mu
sz leamea dpdndansleiin Wi 3 - 5 wrdl

1.2 msecapnsaendéin 1 wefidud nspviwuamnTwe 045 lunson
dolivadmivuinmazagdize Wameaddndanmleiin v 3 -
5 w1l

wipueiaadla HPLC

2.1 Lﬂmﬂ’s‘aoﬁannmu etun Lﬂ‘s'mgu iwlesrndaudacchll) finniea wdas
AurHA usziAdpsnaualaasauidy

2.2 fianasemaeenanTzuulasmsld (purge) SREmIsEATLIITE WD
ﬁm:mu'ﬁﬂﬂLﬁmﬁ’uﬁ’uﬁwnqag'luﬂaé’uﬁ uazanadnsl3goritugauas
KA7 D8NN1Y drown-off valve

2.3 danaanitnluszuy 'ln’ﬂmugnm%muﬁﬂmamﬂmmaomm:mu

2.4 fronpRuididvnemy Arnwddasgrwivminsmedriunaanag

ﬁag'luﬂaé’mf (intermediate polarity) w3k menTazamdaT: g
aofufuszanme 30 wifl wisaundueuvafuund aofl wie baseline nofl
n‘n’im‘n:ﬁt"ﬁaqmn’lw
3.1 famdathadigradud Tuiinlasnlnunia
¢ -

3.2 Samaszmpnesgwnundn anudii 5 un/Bas Whgeedud dufin
Tasanlnunsy
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3 o

3.3 damamnemoiasgn  Alolusliu anududu 5 un/fes  hgnadud
vuinlasuilnuniy
3.4 \Wiruifipmutuingd vasssdatdumanesyw mIshadaainezd
- -~ LT Y - [V . o o
Sinutulnlivnmudadinnailaslfenadeiu dufindTimnuswlng ae
Tuanen 2.2.1
3.5 Wmsaraufmenyminm 1 us.  EEIRIRIBNATTIUNIWE Y
AMUTUTY 100 UN/AATRIUEITRZAILAI0E 1 N ﬁmmfﬁ"zaﬂmﬁﬁg;
“ ¢ U A a v v A A e
aaauyl tufinlatunInunsy wWivnfisunulasunlnunsuda 3.1 WNetudu
74009817
4, NARDUAMUNNIZANVEITZUL
4.1 IsempinaspuaauuaInunBuiuiilalusiie auduiusfioa: 20 va.
daglaivasndt 3 91 Tufinlasaninungy
4.2 fAUIAAT TTUITRNASR ATURNNIGTLAINN AMSUEn uazaMuamusolu
myiadmes AuAfn anugaradn uasiinudulnd dufinnasslueme
P
M 2.2.2 LWar 2.2.3
5. ATediniianon i luansazaiadiagny 1au3% external standard
5.1 SARIREALNIATIIUNMUNEY  Anududusneg 1eTes HPLC tiufin
| L d < o [V
TasunInunsy BeunsuIITIUuTEninafiuifin wnuae) duanudydu
(WNUUDW)
-l ~ ' v - o A o & olm
52 damtazaiualndn teTes HPLC  tufinlatanlnunty  Safufiin
banSaufsuiunmvinasyu swsomidadifud nunduludatng
) |
tufinuaminaasdluansnm 2.2.5
- [ ad ot ) |
6. MIAT¥mSunnasladt internal standard (lunidifidnodnalid #ila
Tusfin)
- A Aaa o g v
6.1 aamsazaouaspuniWduififlalusiwilu internal standard auLdy
. 1 L A L*]
Tuea9 1aToes HPLC tuiinlasaninunsy
r. ) 4 L L ) J‘ A
6.2 WauwnTizninANUTNTUIBIM RGN AUATMEuNBINKA
ANYDIRIRZANLINATIIN MUNEN  AuAudAnuasflalusiiu
- s v J . v
6.3 AamesdmIaznodiatenf flelusihudy internal standard  WiLRanw
] =~ ) A’ . B '
lasifisudandmAuifindunnwinasgwia 6.2
7. tﬁUUlﬁﬂUNﬂnﬁsﬁlﬂﬂ:ﬁﬂﬂnﬁﬁ external standard UWR: internal standard
- |
vufinualuainm 2.2.5
P ~
8. suinltlusunsulueosnaniinay lunmsdstunans daunmanaIgu
ATMIUSTHINIWNER RSD wasdwimmUTnusnsiudaiatig
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&/ s 4 -4 A ] G ' o+ g’
g, ﬂ’]\’ﬂﬂﬂlﬂi ﬂ?ﬂﬂ’]ﬂﬂqﬂﬂ‘laﬂauﬂ'}”ﬂqﬂ LWNIUaN @ w1 50:50 uas LN UIR
& a Y o v ata A Y e
LﬂUﬂﬂﬂMtﬂﬂUUiiQﬂ?ﬂ tInueaq ﬂﬁmul%ﬂgum'ﬂulﬂEJ'mlJﬂ’WYl(ﬂﬂmYl 2.1

sl o
InAININE
o ' “
M29819709UT
-4
_ CXVX10
caffeine ,% = XD
L 1 W
AIDE1IVDILKRA

caffeine % = C X 10 XD

C = ANUTNTRN.AaT)

V = hinasssazasdatafiedsuafiusndennsden @a.)
W = siamineetng (n3u)

D = 97IN15198919

AT NURANHANIITNARDS

- - = o <
A1779N 2.2.1 TUHA llﬂ:ilﬂu’ﬁﬂnﬂ HVBIRT
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C1 C2 C3 C1 C2 C3
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Crnax Aaanuidudugenga
a v W oo
C1 faanududusseud 1
c2 Aeanuiduduszaui 2
] o+ A s A
Cc3 Aaanududursaud 3
- L% A re) [ ¥ ¥
Cadd faanudutuiasasnaspuwiduasludioting
Cexp fanamyiinnsinnudiiussmnnnespuiduasiudiating
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unii 4
gaasitilotan 8 dagdninsnlesias

(Ultraviolet Visible Spectrophotometry)

o At 1 = 3 A o ™ 1

mMleTzimUSunnasiudlatnsiadiy 9 lasmsltiedsediadiarsvanolnal
- ad ad = R o ada a P
w3t nmImtSunmaslasdiimesuninsglnt ThATARLNARLIN  HaI9IN& NI
a & H 4 a I [y A a & A A .
ATIERAT AU T e 'lvmammﬂﬁ:wgnﬂao FAmTieTsig wisadlatan lyuwe
w0 ussldemwldie mdernsilasdtruandalnialndl  wisaudneosainisiie
L =1-3 . . ] R t-‘Jn At
8un1Ai3e (interaction) sxnINILFINUAT NEAYE 3 uuude

1. MIYANTULRI (absorption)

2. NMINBARWULEY (emission)

3. MTNUR (fluorescence)

=

nmafasziaslasitiansganfuusasluanalutndudsentlowmanioyd

(ultraviolet ) uaz3FiR (visible) adwanmIfiluanarasmIRINTNQAnAULAYIUEIIY]
-] L g ° [ =) P Log? L oy A’

wind®da ud i IRBifnatonfautsALUnS 9% (transition) IINRAIEAW (ground state) )

. P a Aqe
gan1zid (excited state) &1InganAuuasluzsis ldur

Aaa &

1. mandaiEnareuludnu (o) eafina lw () eafina LLa:ﬁSLﬁnmsauﬂI@mtﬁua

2. ;sndAiEnasouln d uaz f asiina

3. m'nh:nauﬁmmim.ﬁﬂn'mim'[auﬂs:ig (charge transfer) léun a1sUsznau
Wdaufiaraaunas uasunud Viaujismeandiatuisnduld

nmademsiwminmmslaglfiatesydimdamuninlulofieafin  dnguas
o wasuauiifa (Beer-Lambert law) nanfia wouzaiuuwud (absorbance, A) uUsEula

ATNUAITNTUUBIRTT (concentration, C)

A = EbC
5 5
A = LauTaiuLud
£ = luasueuTaldia

AMUNTINUBIAI8LNITILEIHN (TA.)

o
H

C = anututu (luard)
mIsnthefilaTediuitidonadonliidumsazanoila Taflermgu  laid
aznan lkentu uszersdiarandutudinds 0.01 luang
4.1 aoﬁﬂs:nauwaom‘%‘mgfi “Sada aulninslladaas

\wioegd -Amds suininslwlefiiead Hautsznaufiddgysuradlusi 4.1
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{light (monochromator) {sample (recorder)

source) compartment)

unsetiiousaezimihfiliusanuudaiiiosihndmuasonsedifousnuaziian
ugafifianuenandudsafimansanliiuesdating m”’:amm:@ﬂnﬁuumamwﬁﬂﬁ
meuﬁmumiﬁ’;au"maanma:rfhg&ﬁLnnma{"ﬁaa:ﬁmﬁﬂﬁﬁ“@ﬁmﬂm WAZTIEITUNRBEN
wlagedasiufinuazmesuns
faznamnaaluiiiumiilasdsivassulsznauidndn g e
411, unasriiiauss (light source) unssrnBiausaiinguwasisiainderi
wihill¥aanussuuudaiflasfifanumninduatud 160 89 2,500 wilu
wes  unasiufiausefinaulsiad
4.1.1.1 weanlalonaunionsentimalioy Sanwomdunasauiafifine
19 (window) theemaad muluusrudalalanauwviadunadoy
Tusnzanusiush  Dlénsaaniaudasoonlad uazin Witui
Tane Welwendlwindsznm 40 Toad sewinata Wiueslémase
asfanseninin lildnnaaiauus:lidifnaTeunansanin &9
Lﬁa'nurTUTmﬂqwaouﬁﬁ‘la'[mwu wiofmalan  ziunwag
nuilbdAalaanaluanind audnavaululuanauasuis
'La‘[mwuﬁwé’oa’lugﬁu Lm:Li‘iané’uajan'm:ﬂnﬁ xABURIAT
anugmnduiusranfauuudaiilas ﬂ;‘]f'i"‘smﬁtﬁmfua"*m%'u
Woan g laTauAn

H, + E,—> H, —H + H' + hv
Ee = EH2‘ = EHI -+ EHH + hv

E yz» = fixed quantized energy

E, = wanwiwisdsanaanaulanluianavadlslanion
Ey ,Eqr = wiiweniuesialasionazae
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23 [=3 A Bt |dl h | 3
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v 4 '3 R A A dog v o
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“ [y a = o
AWDRIGINENBNTIR L INANILTAYTUAIARUURY (spectral  purity)
ATNENUTO IUMTUEN (resolution) WRZATURNNTOIMMITIVLGS (light
\ o o &
gathering power) 9znanIwasuaUanalui
a &£ P A o
4121 enuignduesus  Asusiilanusneiwden Tifug
4‘ d‘ ‘=I' (.3 ﬁ" T - Y ;fl: = al
anuunduduilidaamauan  umdlisigniwwiannmsd
uzsnNudauY (stray light) enafiennwaaing 1 03
nindsumvasaymalumsazats maseriauiiianiolu washirves
L] d ‘ ﬂl - | -~
pUnInheN g Wasnmnanahiminzanvedadosilaidudu
a o -
4.1.2.2 anuaasalunisusn fio ANMNENNINNITUENUFIAR
AMUDMIAARGAN Y D UULFAIRMNFUWUT LRSI RUNNS

R = MAM

R = ANAANIDUMTREN

A = dradennueediufidan
AN = madweMULAAuRaaTY

a & be o 3 o
m'mﬁ’lm‘m'lu.mmunmaammm‘uuagnummumauummm
oo & . . o v
(N) UREauAUT8INTRLUUY (diffraction ,n) TIURAIAILAUNTY
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= w
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A A
aIFauaMuswyssasosatdninsliWlafiinay

( Checking the Photometric and Wavelength Accuracy of a Spectrophotometer)

Taquscan
dl' © LY A a as A .Y
1, LwaﬁnmaofﬁJs:nauua:ﬁnmﬁ'lmmaaga-qmuamﬂn“[m’[ﬂ‘(mmas‘
P sl ' o Y a
2, AN TAT I RA LA ML BB TTAAMUT UURILAZA NI IN AR

NINAADY
mensinaseuAds lasldindaiauninilofmeFbinamsienaidena
Wi (accuracy) §9 fnflusaslfisdoadafildiunisanarey Wagluamwlfiuldd
(validation) WRENTABUAIATIIU (calibration) 'lu“'lﬁmmg’mmuqmﬂ"nﬂmwmm’%‘aaﬁaﬁﬁ
gi'l'ELﬂ‘ilmﬁai‘hLﬂuﬁaaﬁ']mm'mﬁaum‘%'aaﬁaathwﬁuaua winwuilymwislisglu
wesufitmuadasifiunmniiuaeiud  wlimeifiuiudasesereudmiuaias
aninWlafiaas il
1. AURURTAINTIAAAENUEY (photometric accuracy) HuwMITTaaNALiUlU
myaruiusmanunaihueuseuuud (absorbance , A)  WIEMTRIENUULED
( transmittance , % T)
2. AMULIBYBIMIUEAIFNANMAUEINAR (wavelength accuracy) LTwMTiAAN
winainueaiu Monunalumnasy anududut 1ae dygno wnn
G‘T’a) AU AIWENIARY (UNUUEW)
wananfifimeiadidu 9 8n nano Faduiudasaressulunidiifnaniznusa
maesimasewing dolinsanoandoaludtl uitluenasdeds téun
- UWRITUNIYU (stray radiation)
- m'mmﬁ'um baseline (baseline stability )
- AMAfiBIT8INFIRATATULRY (photometric repeatability)
- AMUTBITBIMIUEAIFIATINLNIAAY (wavelength repeatability)
- FYITUNIY (noise level )

1 o A na - o g ~ -
arvsausnuinzeuaiasy AT demunlnsiilalinad  Teasnisfanisganiu
- ¢ . R dan o ot
us9v0INaLAasuaIg M (secondary calibration standards) AfilusuTasnanTIRaLHHLUAE
LY e L/ [} - A ¥ »
mmninseudanldfiunasgwmszausng  dsduRamefinaspuililunimesey  ledun
Gray Glass Fiters aifhaiinsiousi 181 Schott of Mainz , Gemmany ifnanesgsiausadluanmi Al 4.1
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A A t € L] A 1 L] -y
@17n 41 uaaadiatedayaduavraiuuudianusnaiudn guasiamaiinasyu

Standard Number Originate Reading (absorbance) at the following wavelengths
440 nm* 546.1 nm | 635 nm 1700 nm 2300 nm
G1 1486 0.3341 0.3012 0.3264 0.3735 0.2916
G2 1634 0.9864 0.9456 0.9403 0.5735 0.4198
G3 1048 0.5007 0.4767 0.4997 0.3919 0.2941

* nm fenurpiaaugnnduidu wlwues

, - 1 . . .
AIIFAUAMALINYEIANUB1IARY lapld Holmium Oxide Filters secondary
A = - . . v [ o =
callbration standards Faiilunfasitud 189 Coming WmUnafuanamauanasluzLa 4.8

3.5000

2.8000 T
T . 460.1nm

2.1000 - 360.8 nm.

A
1.4000 7

0.7000

0.0000 - T ‘ T | — T T T
250.0 3000 350.0 400.0 4500 500.0 550.0 600.0 650.0 700.0
nm

279.3 nm

o o '
3UN 4.8 uaMIANAiuLed Holmium Oxide MNATIMU

rY de o a - ~ LY P
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[ 1 \ -n » L = CeY v ° Al w ] -
geagludaninilionuld wanmliensinld dhlduBoufsuivdnagwluenssiu
.J LAY Lo AJ -
sasnsreufisudaunuaiwiaunufsime fnasgw aenuszdoafiusadluenTen 4.1 uas
-l ' ' [P Y d - w
W s 48 winadn husdwltuSoufsuiudeodmuainasguuaciaisslis wiete
R - ] A ] - v _ o [ L [ -~ [ 8-
Amuadmiunsiensiidszdor  winuadaifiudarimue  dulludseduiiunsuivas
ad - q o, v | v
inTasdla wialddutielwldrgndas
d = s
savdio/gunint
J L L. [o]
winsgA-aTdemunlnildladiaed
Hamafanasgiu G1 G2 G3
Hatnafunagiu Holmium Oxide
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(Determination of the K, value of methyl red)
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Ol ) = il D)
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ACID FORM (HMR) RED
HO-JtH*
co,"

e

BASIC FORM (MR™) YELLOW

HMR < H +MR (1)

PKe = PH-log [MR] (2)
(HMR]

pKes = -ogK, (3)

HMR = methyl red lugunsa Hfun

MR = methyl red lugtlium fifiwdng

K, = fefinmsuandiueinse
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( Molecular Luminescence Spectrometry)
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ground excited excited

singlet state singlet state triplet state

6
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5.1 dmtlsznaunssdilninsWgenlsiiimad

-1 A Rl 1] A -~
wipeflefl i ammmusadoni Tw'[ﬂwgaaTiuLmas' via suinlniWgeslsiinad
[ % J
ﬁﬂunznﬁuﬂmuﬁmlugzm 5.3

Excitation  Scattered radiation
filter or

monochromator W, *
Sample

Source

Beam Emission
attenuator filter or

monochromator
_ {
Reference 3 Sample
photomultiplier photomultiplier
Difference
amplifier
Readouf*

o
UM 5.3 uﬁmtmawam:.ln‘[mwaaahmﬂm

80



51.1
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(Determination of Quinine by fluorometric method)
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way ldesazansmnasyiu 0.50 an/ans FUNUWIAINLE1INAY emission
Ifasazanenta 9a®73n 0.05 luans (uansazansuuadg

wISu e Ties3T external standard

21 JAAUTULEIAIENIATAILANATIIUA I UAINITUTU  0.10 0.30 0.50
0.75 Waz 1.00 AN/AAT 9NTa 5 AemaenIAiu exctation uaz emission ST
wildnnda 1 lapRonanunhetasuss 25 wilwuas ﬁuﬁnﬁaa&a’lumﬂaﬁ
51.1

2.2 FuunsinasgauszndinaNiduua W) Ausududusetans

Azant (IiNWLAY)

) . v, ¥ a a4 v

2.3 Januduusnasmsssanudetahinfinfillanudr mBnuaslay
Wisusununmwinegwiufindeysluaimed 5.1.3

Tianzimyianalasdd standard addition
& & A = had ) 4+

3.1 TaanudrurarasmarasnaTui@uamsasaisdiedny nda 6
N P
tufindayalunsih 5.1.2

3.2 WuunTINTZPINMUTULEY (UNUAY) NUAMUTNTUYBIRITATRBUNGAS
M (unuuaw) muumslusissaipaing ﬁuﬁnﬁaa&a‘lumﬂaﬁ
5.1.3

Ailnd v

CwWisuifsudSinuanifatiiaTeiensdt  external standard Ua: standard

addition

87



ANTNURNNNENITNAA DY

| s v ) * o
@150 5.1.1  duiintayad miuieuunivinasgu 35 external standard

st A L = L
FEAUANMNITNYY | ANNLTNIR(NN./ANT) AMNLANLEAY r

1

b | wL]IN

A w A ) ot ael
a19190 5.1.2  Tfindayadmitiaiaunwinasgin 33 standard addition

~ L v o, g
TEAUAHITANLY | ANIYHNTY (UN./AAT) ANALBN U r

1

Rl w]lN

“ a L3 r-3 L= [
@111 5.1.3 uiindaysmamuianm aitulualage

A0819 8AT1N19190979 | @aTuuEY Usurlnaaadng
(\in) 25 external | 35 standard
standard addition

& o l [ w £
r = ANUTEANTRNTUNUD

88



nIsNA[aLt 5.2
Y I3 s = o r-1 [ 7 ad a
MSIASIERMUI I aNd® 12 @187 5N§aaf‘ssumsn

(Determination of Riboflavin by Fluorometric method)
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(Atomic Absorption Spectroscopy )
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N1NAADIN 6.1

NMIANEIIBIRTIEHETIMILWATA Flame AAS

Tonlsvaod
1 fafnw RS uman e imnssuiniunsinmeiisinaile Flame AAS
2. WadneiTmnamwlhvaaeial Flame AAS
3. Lﬁaﬁnuﬁ%mﬂmmﬂuﬁuﬁwﬁqﬂﬁLﬂ‘i'aaﬁamwwu
4, Wit naduiuibimadriuizw hdyanorusmadutuhadunse

MMAaaI

indasflo AAS ﬁ’ﬁ'ﬂﬁmumqmé’nwmztﬁmﬁ'um'mmmm’lun’n‘imﬂ:ﬁ faanwla
ypneiaella  (senstivity) @aEITRNTIN mﬂmﬁuﬁuﬁflqmaamiﬁm‘%"aaﬁammmmnﬁm‘lﬁ
(Instrument Detection Limit JDL) use Faamsldnmiilionaduiug swhadgnunuaudiugwiin
\#uasa(Linear Dynamic Range) Wunflusnenatuimivensiiemaiudacoiia nnsldeiooila Aas
TumanSinmens ﬁamﬂﬁauﬂ'szﬁﬂ‘ﬁmw'namﬂ?ao'lﬁag'lummﬁﬁuau%’umwuﬂarhuuﬂqmﬁnmm
spaeFesiioniu L'ﬁa'lﬁ'mmm’lﬁﬂ'%lmﬁavlﬁ‘aa'mﬁﬂi:ﬁwﬁquaqﬂ

Sensitivity tIudnanuudusssmsitensiudassiafilimuouaefuuns (absomance
A)=0.0044 A 13un71 Characteristic Concentration (CC) m@‘l’enmumm'lﬁ’luﬂﬁams‘lﬁﬂ‘%aoﬁa fiaw
’JLﬂﬂ:ﬁﬂ"lmﬂﬂ%\]C-‘fﬂd‘(hﬂ'ﬁ@li’]imﬂu

Detection  Limit umuﬁammﬂuﬁw‘:nqmmmsﬁ%mﬂ:ﬁﬁ'mmmﬂumu'te'ﬁ"uﬁag’lw‘h
aEnaud Winiuda s Runalls mﬂﬂmﬁuﬁuﬂ;ﬁqﬂwaamsﬁ":mmmﬂeﬂﬂuﬂs:mm WIINMST
fuanudidusasmsiie TR W aya (signal) i 3 Whassdygmsunu (noise) via
SN =3 Taofiganosumumldnnensuisiumnasym (SD) 1anInemauUssd

Linear Dynamic Range Hwinanuduturasmsfisaamsinme fivnmiameilu
ufinrinasewiuduass madounmiduasliit Least square uaswamuduRBudulag
3TN JULIT=RNT EnFWuE (Comelation Coeficient .r)

AnaFieTinUiinuesia (Po) wemazeashuneiin Flame AAS la3% extemal
standard uas standard addition Fusaugmawsmwhusasiesde TaolFmnzmenagmazianm
itz 4 oh maoamw"hﬁfnnuﬂ'luﬂﬁa Wuanusisla Wlduauoafuuudgogn vhms
Jousuaefuumduasansasay fuwinad e mmwmnﬂut.ﬁ‘uﬁm‘hqﬂﬁm’mwuﬁwm‘%‘mﬂa Taeria
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nIRtuvInanatntu 0.5 Tuan§ awudedoSuney
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10.0 20.0 30.0 40.0 50.0 Uaz100.0 ua. eldialFinasuuia 100 ua. 1w 8 ly
MU [aunsa luvidnanudutu 0.5 luaf sufilatSunas
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winlsiduaufifanus TWiudndwvasnimiaindunsufraanduaus
(ANA) auns:ﬁe’lﬁé’nwmzmmwmuﬁsquuﬁﬁa Y

2. wismwlzasmiamsiagm

21 Pusnmersasiaads dwmiumyiensinlBinueet Img}ﬁma:ﬁummﬂ@;ﬁa
msliea

22 JafnuanTeiuung vasmiazmpszmuInasT Uz AL 20 unAes

23 dwannamwh Tufinwalumsef 6.1.1

3. mwnm’mLﬂuﬂuﬁﬁq@lﬁm‘%‘mﬁa(ﬂ'mwufﬂﬂ'l’Emmzmﬂmmg'mmﬁ'z

31 lfamemsieneimudenuiusnmemsiemes luds 2

3.2 Yauausofuyud vasmIampasPuaziIanadudu 1.0 50 100 200
30.0 uss 50.0 an./Aas tuiinualuasef 6.1.2

33 WaunminasgswitsuauTofuuug (Wnuat) fuanuduii (nuuemw)

34 Jousugaiuund vasmsazmonsa win 0.05 Tum$ dn 10 4

35 fwinaneds ndmdonouneru uss ﬂ?ﬂulﬁuﬁuﬁﬁqﬂﬁmﬂawuimmﬂ‘%iaaﬁa
Tudnuslumafl 6.1.3

4. mavremaduduinmvinarmiwdas

4.1 MmmiemAensitwdonuiusmemdiened ude 2 Yaueugseiuuud v
mamonasTasaudii 1.0 5.0 100 200 30.0 40.0 50.0 100.0
an/Ans Tufinualuansnsf 6.1.4

42 diguwnmwsznha waveafuuud @) nuanudidu (©) mumenuturanTn uae
fu AU sAmE s () e nd 1 ueashilamusuiidaiu

43 viaduunmminaspwlagiilunsmniedamonfiuael Waumanduass duam
¢ FulssEmTawduRuD

a4 lunsdlendusimEmsnius bilnd 1 'lﬁ’ﬁ'ﬂqmﬁﬁﬂ'nuLﬁuﬁugmanﬂ"?aa: 199
winamfulnimimdiud Snad aunmindunhsimimmaniug atfluia

1-0.995
. ) 9 o Y P a £ “ v fa

45 Twineanudidugosanilinmwifunss Iensulszimbamauindiiv 0.995 (Limit Of
Linearity, LOL)

A L E [] -l L ‘I -
wanene  midifidasmafiussssnsinaspulidluwiamesssnsidely amnesouludnmefidn
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MIMWIN

fuwnnmanmn
CC = 0.0044 x Cgrp /A
Corp = eMudidbvasnIazasinas e Wn/AaT)
A = uavaniiuwd (A)
cc = enudviwasmasmuinaywunAns)iganfuuaeld 0.0044 A

smwhausdasdodmiumaiiersizsfinasay

fnmmmmﬂ'nmﬁuﬁmhqﬂﬂmmsﬁ FUNTNATIWY LazENTOWILT N

IDL =3x SD/m

LOQ =10xSD/m

m = ATEULAINTININATTIYM (AMUN/AAT))

SD = mmmﬁmmummgmmaa blank (A)

IDL = mmﬁuﬁuvﬁqmaamsﬁmmmm'mwu (un/aas)

LOQ = mﬂmﬁ’uﬂu@%ﬁgﬂmaamsﬁmmm"‘smﬂzﬁmlﬁmm (un./Ras

W NENIWA LN
TRANUTNTUALT Y = LOQ - LOL
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gna1af 6.1.4 Tudindoyamamaruididugogafilinminasguiudunss

ANNTNTHNNART) UBUTANLWS(A) r
IDL
LOL
IDL = amadiiushgaressaimansnasiany @n/das)

LOQ = ﬂ'nuL'ﬁ'u'z'l'ué'raqmaamsﬁmmm"‘:mﬂ:ﬁmtﬁmm @In/aaT)
LOL = ﬂ'nurﬁ'u‘il’ugoqmlmmsﬁ'lﬁnﬂwmmpmﬂutﬁumu n./aas)
r = Fulhvimdunus

cc = amwh
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NSNARDIN 6.2

M5IAILSNIT N oILAIAI8INATA Flame AAS

%ﬂqﬂszmﬁ
1. Wadnw AT TeiriBunasslas imeils Flame AAS
.A = i L ) o a = & Y
2. afnwAietoudladnlansdmiumaiinneiens maila Flame AAS
A = ada & ™ ,
3. Weafn iFienedmdSinmmasasludrogralans
MMAaDY

Aluminium Alloys 1Ehlave Aluminium (Al) ﬁﬁmqﬁuﬁnwmu’nﬁmﬂumuﬂxmu Lﬁa'ln"ﬁqm
sulmanzandamsldom wiu lasdioy (Cr) vadwad (Cu) wén (Fe) uunfdoy (Mg) wsmils
My findfia (N §ne® (2n) 1Tudu ll%mmmaamqLL@ia:mﬁﬂﬁtﬁuﬂﬂﬂﬁua%'lﬁm'nuﬁam"ﬁ'lfﬁ’qm
MmBnmemea g sansnlenzildnmenneasnedsaniudinnatin  AAS  Tapusy
anaz Menzibimnzanniumaudacaia
manTAURNamadua ludaie Aluminium Alloys ie3pumsasaaietelagm
azmplunsalalasaaein anudndu 1+1  thansazaudestnanmiBainmnasay SedTfouiy
nmWInaIL uas RN IRsM BN IIuAluathg
m‘%‘aoﬁalqﬂn'irﬁ
gzasuinueuraTUtusininilnlafinaf
waaarflauadmIAesediasia
IUTINATIUIG 50 URs 100 WA
TuatalSuiasrwia 10 .
fininaf awa 100 A
dsaiuazifiaSonarsazans
1. @IRZAYINATIIRNBIUAIANLITUDYU 1000 An/BaT (stock solution)
2. gumemonIauninenudutyu 05 luard  eaanseluninanudutu 65
Wasidua ues 35 ua. inldlunnaiadiunasswe 1000 wa. %qﬁﬁwnﬁuag
Uszanm 100 us. WinawandelnBinas

3. snmazswnaluninenududy 1 wWehidudlasBunes arnsaluninanudy
T 65 1Wasifud USines 15 wa. wilalureiadSinasuwa 1000 ua. Faihin
né"ua;liﬂ's:mm 100 38, uindwandedaBunay
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7.
8.

LESHNRNIREBINATT WA NI 100 unAas lasmstidamsaransinas
g 1000 un/Aas Bnes 10 ws. melsraiatinaswne 100
A, WiunIa luwvsnanadiudiu 1 wWafidud wudlatBunes

IR LANATTIUNBWMIANITNTU 1 2 3 4 Usz 5 anAas lasmsThlemtazany
neIUnasuasanadudu 100 anfas anas 1 2 3 4 uss 5 wa. thelénaia
1Ranasuua 100 18, @unsa lwrdnanadudu 1 wWedidud audsleRunas
nialalasasadn anududu 141 lastFunas eunsanselalasasasnanudy
1 35 Wofidud U5 50 ws. inlsluiinnafaiings 50 ua.
lalaniewdafeanlod 30 wWafifud lanfSunas

infirndalason (deionized water)

A0HWUALNISIATHNATB L

¢n8EN Aluminium Alloys

1.

heane Aluminium Alloys ngaiwiudng  sahwinathasBaanafion 4 shumi
Uszanm 0.5 nin ldludninas vua 250 ua.
dunsalalasnagin enudiviu 141 1Banes 20 wm. adludhete 19 =3 ldlves
femnunTzueanuaniinine$

- [ 5 A LY 5 LY [ 3 L =
@Wumsazane lalasoutasoanlad Aasvua wiaandlvanusawantooaureaudsasas
YiNe
vh‘lﬁﬁumwhﬁ'uqquﬁﬁm tholeualiinasawe 50 us. Waihdnasnlooau sull
=l
InRineg
Thdamsseazande 4 ey 5 s, huldnatfinammwe 50 &, @iy mean

- |

losau autslaSings

= et $ sJ = A L ) -
WwisumIasmsMaIfdumRemInaIunasa it g Tasthiams
szanslanIn e 4 U3inaT 5 ua. laluneiaBiines swe 100 ua. 51170 6 1768
RVIAZAEANATTIUNAILAIATNDNTY 100 INAaTRnes 05 1 2 3 ua: 4 wa. sl
luansacmpdintnaiiuiu 5 17a
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L]
onaaas
1. Doy AAS eaudeef wesliuaiamemThiemey WASmsw A uiums
A v N ar = o - y i & {
Neaadn 6.1 udlfrA e MTUMYTIeTR naduay qmﬁﬂua:xaum’luguamﬂ'nm%m
o r3 [ Q. :J [ ¥
2. wmanmwhraminnsinsuslagdinaasaimudsiummanadfl 61 tufinusly
a
TR 6.2.1
3. mfinmaaaludatlaAiifisuiunnwanassm (extemal standard)
31 Jauaugeiitufaimara eI Tt 1 2 3 4 uas 5 an/Aes
1 - [ - - J
3.2 Waunsanasg1y studnanndudu fuweugefuund tuiinualumsin6.2.2

33 Yausuaefiuuduasmsasansdiathg Lﬁaﬂﬂ%&aummi'uﬂ'm?uag:'lumanﬂw
@y winandlugsnrhtanminasuliilarnensazmadiathachonsalun
etk 1 Weidua %um:v'i‘amwmﬁuﬁuaq'lwﬁmmrmvlmmgﬂu wn
ﬂmum’fuﬁ’wm‘f’:amav‘i'mi'lm'mdfuﬂuﬁqqmﬁ"‘amﬂ:ﬁmlﬁmm Faarhmaiy
PUNAIDENTUNTEN fenaudaiuaglunmviinasgm

3.4 AMWIANENTHIaINauad lumatine mhenthudafifusinaviimin ainua

Tl 6.24
4. matTinunasuae s mufineiesagunaigu (standard addition)

41 YauauweSuuuduasmsaasdngufifumiassaauiagnanandudu
0.5 1.0 2.0 3.0 usx4.0 un/Aas Tufinnalummef 623

42 WHounTmsndn usumaiuund (A) AuaudiduseImsasaLINa T
NAIUAY JAAAUUUAY X diuaududursmaaslussazaefidania

43 fwnmnyhnoamaduniludaiaiyafdud Tambhwin fdtnaaluemed
6.2.4

116



MTWUWANHANITNAADY

= o ~ o (3
AN 6.2.1  URAIFNIIZVDIATDINONITUATIEN

1 Au k2
318019 amnale

Lamp Energy

CcC

iDL
dremanduiuiinsed

A Lod L4 o o = s
@190 6.2.2  tufindayadmitiaTounTWunas§Iwit exteral standard

AMNITNIN(N/AAT) UaLLATHLUWD(A) r

- a -~ o [y - FY-| aae
A131911 6.2.3 ufindaysdmitnaTounmwanesg it standard addition

“ 3 ' s o
AVBUBNUVR(HN./ANT) ATLaUB 2N UNTH(A) r

4 "
A19191 6.2.4 UFAINANTITIATIZW

- ¥ [} ar
AEIATed UYsurnepas Cu ludrata (Wadidwd) AT

external standard

standard addition
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NSNARDIN 6.3

a8 & 9 oy
NMITATITADUAMNIKRAUTHANYDIVISILATIEVNDILLAIAAMINA KA Flame AAS

mqﬂszaan’
A Y-} asde
1. Wadn¥ATaesa LA MnITRNLaN TR TIE e gay
A LYY F.y
2. RaTIIRALANIRIIERUL BT TR e R amasuaslatineiia Flame AAS

AINARaY
MIATREELANNMINzENYIT eI sTmasey  Entuaaunitalunizuiumsia
mslszaugunwiadjuenng Lﬁawmm':'l';ﬁ'ﬁ‘im‘mﬁ/maau'?'iﬁmwgnﬁaa ¥ liig
mylwrswmersufianmingefie miaTereuaMamINEaN893T daevinlunsdidasia Ui

1. lafimyimuadsmsing

2. \flafin1s 1 BfdauU 891N 3 TR I3 ( Modified Method )

3. il itunespulale dasaTIRauaNagndasnesdt  tausmaliiindanny
Hwldldenfnaspuin iy aldiiuluawdainue (RER LI ELALITLR
nman | Fuszdanaseuidfunasputulianumanzaaiudes fianwiel
Weala vfo'lud’mm‘%'aaﬁa/qﬂnmiua:sjﬂﬁ%mu

lunsfinmenugnissnesitiiensimareufasufiidmsdarnin  dasvhims

nagovatinduszuy Webinsufnnufuiufueditiiemsimasoufizaandasiute
AMUATIFBINT NMIRTINFBUATUMNERNLED T AN TR MATeY ﬂ:ﬂiaUﬂquﬁmﬂ's qaly
ﬂﬁa ANUUAYU  (accuracy) mﬂmﬁm (precision) ﬁ‘%mmﬁwqﬂﬁﬂﬂawu‘[ﬂuﬁ‘ﬁnmau
( method detection limit,MDL) Yanaishgafiemzviwniiunadls imit of quantitation LOQ)
AU IWIz1895T (selectivity & specificity) e UITUTUA LT (range) AMURFUWUTLF
\¥UATY (linearity) RAWIa (sensitivity)Aanuninudem B suulssssgnizn e
NARBY (ruggedness) uazAamNInlumMhdhlugn a1 (robustness) T
a:tﬁumﬁ'mﬁ‘ummmmuun:mﬁ‘ﬁmm'mmLwia:ﬁ'mﬂmg'lutanmimﬂnmn lums
ﬂs:qnﬁ'lﬁ’a"m:'laiﬁmi‘]uﬁa:maunqm;mﬂums atwiATnareusRUA MU LT IIa
F3AFBIMIMAREL UAXTRAVBIRIAEN  NMINARBIRITNAREIM ALK AMTAEY 129
anududufldnm uss Lﬁnflm@hqﬂﬁ"nﬂﬁ:ﬁmmﬁmm‘lﬁ WRzAURUAUTIE L EUATS
manuwineadtienswiinamsualudeds Aluminium  Alloys  Tagitwa
unofildnsuaiu (recovery) IINMAANRITASAILUINTIU (spike) RIlusatig fiszdunnu
Lﬁuﬁu'lné’ﬁ‘mﬁmmsﬁqﬂﬂ'mmmmﬂ?mm nentanTMaNaTIH us:  IndfnuSanoge
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gafilinmunaspuiduen  mslensiieie  ussisdnidumsacasinaigmu

lagvndraanzadradan 7 4 frwrmnUSunui lenauiin

recovery , % = M x 100
std

Y An A As A 3
Css = Uhnmmiiiensdldnndiataidumnagv
Cs = tHnmainieredldanndiatng
Cerp = URnaksnsmnaanasguiidnluinagng

o adda [ LY Ha € AN v e oA o ' :
WIATIUNEILBIIDILAIIEH 'l'lf'ﬂﬂuﬂﬂfllﬂ?'}:““'] ﬂ?mmﬂ'lﬂﬂﬂuﬂu ATUITHAT RO

LT]

HeLRINaTFIUFUANS

RSD % = SD/@uafy x 100
> (x —x)
n—1

DX
i=

X=—

n

SD = edmieuuninaTyu

I’} 8 AV :’
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POLARITY REFRACTIVE UV (nm) BOILING VISCOSITY SCLUBILITY

SOLVENT INDEX INDEX  CUTOFF POINT (°C) {N WATER
(% wiw)
Acetic Acid 6.2 1.372 230 118.1 1.26 i00
Acetone 51 1.359 330 56.2 0.32 100
Acetonilrile 5.8 1.344 210 81.6 0.37 100
Benzene 2.1 1.501 280 80.2 0.65 0.18
n-Butanol 39 1,399 215 117.7 2,98 .81
Butyl Acelate 40 1.394 254 125.0 0.73 043
Carbon letrachloride 1.6 1,466 _ 265 76.8 097 0.08
Chlaroform 4.1 1.443 245 61.3 0.57 0.815
Cyclohexane 0.2 1.427 210 B0.7 1.00 0.0
1,2-Dichloroethane’ 3.5 1.445 230 84.1 0.79 0.81
1.2- Dichlgromethane? 3.1 1.424 245 40.7 Q.44 1.6
Dimethylformamide 6.4 1.428 310 155.0 0.90 100
Dimethyl sulfoxide? 7.2 1.478 268 183.0 100
Dioxane 4.8 1.422 220 104.3 1.54 100
Ethanol 52 1.361 210 784 1.20 100
Ethyl Acetate 44 1,370 260 71.2 0.45 8.7
- di-Ethyl Ether 2.8 1,393 220 34.6 0.32 689 |
Heptane 0.0 1.388 200 98.0 0.39 0.0003
Hexane 0.0 - 1.378 210 69.0 0.32 0.001
Methano! 5.1 1.329 210 64.6 0.60 100
Methyl-1-Butyl Ethert 25 1.369 210 54.5 0.27 4.8
Methy! Ethyl Ketong® 4.7 1,379 329 80.0 0.45 24
Pentane 0.0 1.358 210 36.1 0.23 0.004
n-Propancl 4.0 1,385 210 97.2 2.30 100
iso-Propanol* 39 1.377 205 824 2.40 100
di-iso-Propyl Ether 2.2 - 1.368 220 67.8 0.37
Tetrahydroluran 4.0 1,407 280 64.7 .51 100
Toluene 2.4 1.489 280 "110.8 0.52 0.051
Trichloroethylene 1.0 1.477 273 £6.9 0.57 0.1
Water 9.0 1.333 200 100.0 1.00
Xylene 2.5 1.500 290 139.1 0.61 0.018

134



AN519N A2 WEREIRNWIY ST RasRI8

Relative Compound Group Representative Solvent
Polarity Formula Compounds
R-H Alkanes Petraleum ethers, ligroin, hexanes
Nonpolar Ar-H _ Aromatics Toluene, benzene
R-0-R Ethers Diethyl ether
R-X Alkyl halides Tetrachloromethane, chlorolorm
= R-COOR _ Esters Ethyl acatale
= R-CO-R Aldehydes  Acetone, methyl ethyl ketanes
o ' kelones
.EZ: R - NH. Amines Pyridine, triethylamine
g R - OH Alcohols Methanol, ethanal,
£ isapropanol, butanal
R- COHN, Amides Dimethyllormamide
</ R-COOH Carboxylic Ethanoicacid
Polar Acids
H-OH Waler Water
A ) ar Bl
M151911 A3 LLEAIVRUILIARNLAY
psi KgJ’c:m3 kPa Bar
100 7.0 689 6.9
500 35.2 3447 345
1000 70.3 6895 69.0
150 105 10342 103
2000 141 13790 138
3000 211 20684 207
4000 281 27579 276
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Typical Temperature Limits

w

474

Phase Temperature limit*
Polysiloxanes:
100% dimethyl -60 to 325/350°C
100% dimethy! ¢high temp.) -60 to 400°C
5% diphenyl-95% dimethy! -60 to 325/350°C
5% diphenyl-95% dimethy! (high temp.) -60 to 400°C

" 20% diphenyl-80%dimethyl 40 to 290/310°C
35% diphenyl-65%dimethyl 40 to 280/300°C
50% diphenyl-50%dimethyl 40 to 280/300°C
50% diphenyl-50%dimethyl (high temp.) 40 to 340/365°C
6% cyanopropy!phenyl-84% dimethy! -20 to 280/300°C
14% cyanopropylphenyl-86% dimethyl -20 to 280/300°C
50% cyanopropylphenyl-50% dimethyl 45 to 220/240°C
50% cyanoprapyl-50% dimethy! 40 to 250/260°C
50% trifuoropropyl-50% dimethyl 45 to 240/260°C
Polyethylene glycols:
PEG ("WAX") 40 to 250/260°C
Acid treated PEG ("FFAP") 40 to 250/260°C
Base treated PEG ("CAM") 40 to 250/260°C

*Upper limits are usually about 20°C less for d,> 1 pm.

*Temperature limits may be slightiy dilferent for capillary columns from various manufacturers.
Actual temperature limits should be confirmed by the specific calumn manufacturer.

o [» LA 3 ¥
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FSOT WCOT SCOT
Length, m 10-100 10-100 10-100
Inside diameter,mm 0.1-0.53 0.25-0.75 0.5
Efficiency, plates/m 2000-4000 1000-4000 600-1200
Sample size,ng. 10-75 10-1000 10-1000
Relative pressure Low Low Low
Relative speed Fast Fast Fast
Chemical inertness Best »>
Flexible Yes No No

FSOT : Fused-silica, open tubular column.,
WCOT : Wall-coated, open tubular column.
SCOT : Support-coated, open tubular column.

Packed
1-6
2-4
500-1000
10-10°
High
Slow
Poorest
No



TCD

FID

ECD

NPD

FPD

ELCD

PID

MSD

IRD
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Thermal Conductivity Detector (TCD)

Flame lonization Detector (FID)

Electron Capture Detector (ECD)

Nitrogen Phosphorus Detector (NPD)

Flame Photometric Detector (FPD)
Photo-ionization Detector (PID)

Electrolytic Conductivity Detector (ELCD,HALL)
Mass Selective Detector (MSD)

Infrared Detector (IRD)
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Filament temperature increases as analytes present in the carrier gas
pass over it . Causing the resistance to increase.

Components burn in a flame producing ions which are collected and
converted into a current

As slsctronegative species pass through the detector , they capture low
energy thermal electrons causing a decrease in cell current

Nitrogen and phosphorous compounds produce increased currents in a
flame enriched with vaporized alkali metal salt.

Sulfur and phosphorous compounds burn in a flame producing
chemiluminescent species which are monitored at selective wave lengths.
Halogens , sulfur , or nitrogen compounds are mixed with a reaction gas
in a reaction tube . The products are mixed with a suitable liquid which
produces a conductive solution.

Molecule are ionized by excitation with photens from a UV lamp. The
charged particles are then collected , producing a current.

Molecules are bombarded with electrons producing ion fragments which
pass into the spectrometers mass filter . The ions are filtered based on
their mass / charge ratio.

Moiecules absorb infrared energy , the frequencies of which are

characteristic of the bonds within that molecule.
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angstrom
ampere
celsius
centimetre
degree
gram
kelvin

litre
milligram
microgram
micrometre
millilitre
microlitre
minute
second

volt
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