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[[aceH xpomaTtorpadp

%; % R 1941: Martin & Synge i ¢ tsdzyJ tGIsC (196R
L 5B j dzso O dzOGtcOH O)
1955: npB KOMepunjaneH NHCTPYMEHT

1985: 200 000 racHu xpomaTorpadgwm Bo
ceBeToT 04 30 npom3BoamMTENU

Llena: 10 000-100 000 Eur!

Razvoj:

N BOBeAyBarbe€ Ha €NEKTPOHCKN MHTErpaTopu u
KoMnjyTepcka obpaboTka Ha nogatounte Bo 70-Tute

N aBTOMaTCKa KOHTPO1a Ha MHCTP. YCIOBU, LileBYeCTHr
KOJ10HU BO 80-Tute

N KanunapHu KonoHu, épsa Ny
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[[aceH xpomaTtorpad

[[aceH xpomaTtorpad
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?DETEKTORI

4 . N

za GC
PO@ELNI KARAKTERISTIKI

osetlivost (OeHewHUTe geTekTopy Noceaysaat
0oceTnMBOCT BO rpaHununTe og 108 no 1012 g/s)

sli~en odgovor Ha NpUCYCTBOTO Ha CUTE aHanUTK, Unn
anTepHaTuBHO, selektiven  odgovor Ha fageH aHanuT
WNn rpyna aHanutu

n reproducibilnost
odgovor Ha npuMCcycTBOTO Ha aHanUTU LWTO ce

stabilnost

linearen
npoTera npeKy HeKOsKy peaa Ha ronemmHa

temperaturen opseg og cobHa TemnepaTtypa o 400 C
brz odgovor Ha nNpuUcycTBOTO Ha aHanUTOT

neosetliv.  na promeni Ha npoOTOKOT, PnT
ednostaven za upotreba , eftin |, robusten
nedestruktiven
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"f DETEKTORI za GC

Tanuuna
TPAHANA HA
Tan IIpameponn deTeKIHja

Tepyuura cIpoBOITHBOCT VHHBep3aneH JeTeKTop 500 pg/mL
TInamMeHa jOHH3AIH]jA Jarnesomopoan 2 pg/s
Enextponckn 3adar XanoreHHpaHH COETHHEHH]a 5 fels
TepmojoHckH (a3oT-hocdop) A30THH H dochopHH 0.1 pg/s (P)
coenHHeHH]a 1 pg/s (N)
EnexrponurHa cnpoBogtuBocT CoeIHHEHH]a KOH COIPKAT 0.5 pg Clis
(Hall) XaToTeH, CyIdyp HiIH 2pgS/s
a3oT 4 pg N/s
DOoTOjOHH3AH]a CoenHHeHHja KOH ce joHm3upaat 2 pg C/s
co UV 3paueme
@ypre TpaHchopmer IR OprasckH coeTHHEHH)a 0.2 no 40 ng
(FTIR)

Macen cnextpometap (MS) IIpHIaroanHuB 3a ceKakBH 0,25 1o 100 pg
BHIOBH

$DETEKTORI

¢ Plameno -jonizaciski detektor
: » Flame-lonization Detector, FID
gt to s dtf{dz@d3 ] S ommaaen sorextop
@ Y Bdd, jdzj € herck]
=filstclz " O!
Prednosti

YHUBEpP3aneH
rosiemMa oceTnMBOCT (
FOfiemM finHeapeH oricy
HEeoCeTNMBOCT Ha Npo
NPOTOKOT HA MOBUITHY
¢haza

Jp:KAY HA KOTeKTOPOT
H30IATOP
T HABPTKA 33 MOHTHPAE HA

KOJIEKTOpOT
S— BO3IyX

miamer Hi-Bosmyx

J0/IeH MI1a3

BHATpeIlleH SHI Ha TIeYKATa

Nedostatoci
AECTPYKTUBEH

H37e3 o1 KoJIoOHAaTa —
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Y DETEKTORI

 « ¥ Detektor na termi~ka provodlivost,
. . (katarometar)
¥ Fhermal Conductivity Detector,TCD

Kuua og Pt, Au, W, nonynpoBogHuK
- TepMUYKa CnpoBOASIMBOCT 3aBMCHA
0 OKonHuoT rac He n H,: 6-8 natu
fiororfiema TepM. CnpoBOAJSIMBOCT Of,
OHaa Ha opr. coeguHeHuja

= H3Te3

Prednosti:  egHocTtaBHOCT, rofiem nMHeapeH orncer
(~105), pearupa 1 Ha OpraHcKu 1 Ha HeopraHcKu cyncTaHuu,
HeOeCTPYKTUBHOCT

Nedostatoci:  penaTueHO HUckaTa oceTnusocT (=108 g
aHanut/mL rac Hocau)

¥ DETEKTORI

' Detektor so elektronski zafat

" Electron capture detector, ECD ! 4n

I spostbnost za ffajawe oOna elektroni =
I elektrofilni supstanci i supstanci '—e'm

> {to sodr at hlor
I pesticidi, polihlorirani bifenili

+ ekolofki primeroci!
I neosetliv na amini, alkoholi, column
jaglevodorodi A

Prednosti:  HegmecTpykTMBHOCT

Nedostatoci:  orpaHuyeH nuHeapeH oarosop (camo 2
pea Ha BennyuHa)
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¥ DRUGI DETEKTORI
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¥KOLONA: cpue Ha xpomaTorpacot

" Denes najmnogu se koristat
g * N kapilarni koloni  (open tubular columns)

u »WCOT (wall coated open tubular) - TeHok cnoj TedHa
cTauvoHapHa pasa e HaHeceH Ha suAoT o KosfioHaTa

SCOT (support coated open tubular) - BHaTpelHaTa
MoBpLWMHA Ha Kanunapata € 0650)KeHa CO TEeHOK . husm
(=30 mMm) op wHepTeH wMmaTtepwujan-nognora (gujaTomejcka
3emja) Ha Koja e HaHeceHa TeuyHaTa cTauvoHapHa dasa Y
noronemM KanayuteT, HO nomana eukacHoCT

nspaboteHn ogW 2L d te ©
md dzd ¢ B ls @&&ifs, tyts ts y d Bid,), dmaat mHory
NOTEHKM SNAOBMK BO cnopefba Co CTakSIEHUTE KOJTOHU 1 Ce
[OMOSTHATENHO 3aLUTUTEHU CO NonUUMMAHa o6BuBka Y
NohIEKCUOBUNHN N MOOTNOPHU HA HAABOPELLHU BrvjaHuja




"? KOLONA: cpue Ha xpomaTorpadoT

* Porano :

Apakuvani fikoloni (packed columns)

| LeBKa 0f CTakmo, MeTan unv TedioH

i AOJDKMHA 2-3 M, BHATpeLleH agujameTtap 2-4 mm
i y6aBo napolneti -crnakyBaHu co dcuTHeT MaTtepujasl

(uBpcta nognora) obnoxeHa co dpunm (0,05-1 mMm)\o4a
TeyHa cTtaymoHapHa hasa

o WpeanHa nognora: og manu (150-

250 mm), yHMdOPMHU, chepHn
YeCTUYKM Co Aobpa MexaHu4Ka
LUBPCTUHA 1 roniema cneynduyHa
nospwuHa (1 m?/g) UHEepTHM Ha
Bucoka T, YHU(POPMHO ce
HaBna)kHyBaaT CO Te4HaTa hasa

i 06paboTKa Co AMMETUNXopoCcunaH

i dijatomejska zemja

"? KOLONA: cpue Ha xpomaTorpadoT

N kapilarni koloni (open tubular columns)

Inside diameter

{0.32-0.53mm) iyt

Outside diameter

Kk O-dz0f sdzdzj Is ©
support coated pa uvank()lor(]llz@l]’ Otz‘J'Wallcoated

(packed column)
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? KOLONA: cpue Ha xpomaTtorpadoT

TABLE 29-1 Properties and Characteristics of Typical

Y Gas- Chromatographlc Columns
9 =5 e S S T
2 Type of Column
:ﬁa FSOT* WCOT+ SCOT# Packed
Length, m 10-100 10-100 10-100 1-6
Inside diameter, mm 0.1-0.3 0.25-0.75 0.5 2-4
Efficiency, plates/m 2000-4000 1000-4000 600-1200 500-1000
Sample size, ng 10-75 10-1000 10-1000 10-10°
Relative pressure Low Low Low High
Relative speed Fast Fast Fast Slow
Chemical inertness Best Poorest
A Flexible? Yes No No No
N e —————————————————————————————————— e

*Fused silica open tubular column
fWall coated open tubular column.

tSupport coated open tubular column (also called porous layer open tubular, or PLOT).

? KOLONA: cpue Ha xpomaTorpadoT

AN Te na stacionarna faza
mana ucnapnmsocT (TB > 100 C + T,,,, Ha KonoHara);

rofiema TepmMmyka cTabunHocT;
Mana xeMucka peakTUBHOCT (M Ha BUCOKa Temnepatypa);

LBPCTO Aa ce Bp3yBa Ha LBpcTaTa nogsora

KoepuLmeHTUTe Ha pacnpeaenba K = c /c  Ha
pasnnyHUTE aHanMTu Ha nmobunuanpaHaTa Te4Ha pasa
Tpeba fa ce pasnukysaar

HWBHO pa3/fMyHO 3ap>KyBaHe BO KoroHaTa
analitite }e serazdelat vo kolonata !

SLI"NO SE RASTVORA VO SLI*NO!

nonapHocTa Ha cTauyuoHapHaTta gpasa Tpeba fga e 6nucka
[0 OHaa Ha KOMMOHEHTUTE 04 NPUMEPOKOT




Booon1iaeno MakcHMATHA
CrannonapHa ¢asa TPIoBCKO HMe TeMmeparypa, °C BooOHwuaeHA mpHMeHA
[TonHIHMETHI CHIOKCAH OV-1, SE-30 350 Hemonapaa daza 3a ommra ynotpeba,
jarTeBOIOPOIH, TOTHHYKISAPHH apOMATHT-
HH COeIHHEHH]a, JeKOBH, CTEPOHIH,
[IOTHXIOpHPaHH GH(eHATH
5 % MeHHT-TIOTHIHMETHI CHIOKCAH OV-3. SE-52 350 MeTHI ecTpH Ha MacHH KHCEIHHH, aIKAIOHIH,
TeKOBH, XalOTeHHDPAHH COSIHHEHH]a
50 % DeHHT-NOTHIAMETHT CHIOKCAH OV-17 250 JlexkoBH, CTEDOHIH, IeCTHIHIH, TTHKOTH
50 % Tpudayoponponun-moaHauMeTat  OV-210 200 XI0pHPaHH apOMATHUHH COSIHHEHH]A,
CHITOKCAH HHTPOAPOMATHYHH COSJHHEHH]a, AIKHI
CYICTHTYHPAHH GeH3eHH
TToNHEeTHIEH TTTHKOT Carbowax 20M 250 C10600HE KHCETHHH, ATKOX0TH, eTepH, eTepHIHH
Macia, TTHKOTH
50 % L{HjaHOIPONHI-TIOTHIHMETHT ov-275 240 IToTHEE3aCHTEHH MacHH KHCETHHH, KHCETHHH O
CHIOKCAH IpBeHA CMOTIA, CT000IHH KHCETHHH, aTKOXOTH

BN [

. R—S— i—— i—R
-CH,Y nonuaumeTun cunokcaH e |s| © |S'
- CsH; (X %) Y X % theHnn-nonmanMeTms CUIoKCaH R R R
-C,H,CF; (X %) Y X % Tpurdpyoponponun-nosnanMeTs CMrokcaH
- C;HCN (X %) Y X % unjaHoNpPONuA-NoNMANMETUIT CUIOKCaH

n

HO-CH,-CH,-(0O-CH,-CH,),-OH Y nonueTuneH rnvkon

¥ TacHa Xpomartorpadwuja - npumMeHu

AlKaATOHIH

XIOPHPAHH APOMATHIHH
COeHHEHH]|a

AIKOXOIH BO KPB

1

tn

6 min

20/12/2016
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¥ lacHa xpomaTtorpacpuja - MeTogonoruvja

» analiti~ar: npoueHKa Ha NPUMEPOKOT, N36op Ha norogHa
¥ KOJIOHa 1 YyCNOBW 3a YCNELLHO pasaenyBake N aHanmsa.

1. Obrazuvawe na isparlivi soedinenija
_::'_TeMHepaTypa Ha KofioHaTa > T.B. Ha cuTe KOMMOHEHTHU

fipd [ (Ot GNPZOUzdz@AN § O to dig B

0L @ s BOdzM O tc datpeTyoneH TpeTmaH 3a a MOXe
AVPEKTHO Aa ce aHanuaupaar:

-Silanizacija - 3aMeHa Ha KucenuTe BOAOPOAM CO AU- U
TPUMETUNCUNNA TPYNU;

-formirawe  na isparlivi helati Ha pa3nuyHn meTanu co
TpudpnyopoaueTnnayeToH;

-pirolizna  gashromatografija - TEpMUYKO pas3noxxyBarbe Ha
Heucnapnven CyncTaHum A0 KapaKTepUCTUYHU FraCoBUTU
NPOAYKTK (NOro4eH 3a aHannaa Ha NoNIMMEPHU Matepujann).

[ acHa xpomaTorpadwmja - meTogosnormja

2. lzbor na kolona

’ﬂf; Mpn n360poT Ha KOJSIOHA HajnorodHa 3a fadeH NpuMmepok Tpeba
: [a ce 3emaT npeasua;

N polarnost Ha TeyHaTa (CTauvMoHapHara) hasa,

N maksimalna temperatura OO0 KoOja MOXe pfa ce 3arpee
KofnoHaTa,
N kapacitet
N efikasnosta Ha KonioHaTta kvantitativho se opi{uva so
BYCUHATa eKBUBaAsieHTHa Ha efeH TeopeTcku nog (HETP- height
equivalent to a theoretical plate) koj moxe ga ce npecmara of

BpegHOCTUTE Ha ABe BeJIMYUHU YHUTIIMBU O XpOoMaTorpamor:
BpemMe Ha 3ajp>XyBame, tr M WWMpUHA Ha OocHoBaTta Ha nukoT, W

N MNpecmeTyBareTo Ha HETP oBo3moxxyBa sporedba na koloni
so razli~ni dol'ini N Cce NpeTnoYnTa Kako Mepka 3a
edmkacHocTa Ha KosnoHarta.

11
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;[ acHa xpomaTtorpadomja - meTogonoruvja

,ﬁ; % 3. Programirawe  na temperaturata

N3a cmeca of cynctaHum co 65iMcka nonapHocT, a
'CO MHOTY pasfiMyHn TeMNepaTypu Ha BPUEHE,
KOHCTaHTHa TemrnepaTypa Ha KoJfioHaTa He faBa

© 3a[0BOJSIMTENHN pe3ynTaTu.
NPeweHve Y 3sroniemysarse Ha Temneparypara
Za vreme na pasgenyBaneTo (nporpamvparse Ha
Temnepartypara).
NfflsddRdL OGG d3p sdg@ = [Els9 ek
ZzOyd dzsls dz0 dL a3y dzgzo OF § izl
JZedtcOF j Ist5!

@ 45 C

| . sl acHa xpomartorp M

,ﬁ; % 3. Programirawe

20 3

0

10 0
x4 ®» 135C '
a temperaturata e t
. ket vk
1}777 10 s e 20 ,;,”, 2o
() 30-180 C
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_["acHa xpomaTorpaduja - nprMeHa
* s kvalitativna analiza
gﬂ'-i

* [ cnopegba Ha nogaTouuTe 3a 3a4p>KyBarbe, HajuecTo t,

adKO MMa Ha pacnoiaraske YHACTU CyncTaHuw.

- aKo Hema, crnopebu co NogaToum og nutepartypara - He
€ NPenopaYnnBo - HEMOXHOCT L @CTK YCrOBM

~_ Y ynoTpe6a Ha penaTuBHU BpeMUHba Ha 3aJpiKyBarbe

[Npn Toa Tpeba ga ce nmaat Ha ym criegHuTe postulati
Nako t.(A) = t(X), Toa He foKkaxyBa geka X = A
Nako t( A )t(X), Toraw curypHo j H j SXO A

Nako npu t.(A) Hema NuK, Moxe co CUrypHoCT Ja ce
TBPAM AeKa [0 rpaHuLMTe Ha AeTeKuuja BO Heno3HaTuoT
obpasel Hema A.

¥ acHa XpomaTorpaduja - npumeHa
" kvalitativha analiza

,E:; * NpeHTudunkaymja Ha Heno3HaTU KOMIMOHEHTM CO MpUMeHa
Ha PEeTEHUNOHU MHOEKCU U NUHEAPHU PETEHUNOHU UHOEKCH
(LRI), wTo ce npecmeTyBa crnopepg n3pasor:

F=r

LRI =100 ( + )
tnsy — by

T

"Nt o] Is § dzyal tis HatizfI dz0 dzd t5 dbtls, I jte J Is J dzyaf s patfd
2@ G O ztsii dzbz qie@jdt O @ dzO dzd Isitsists EHZA-0 s 5 dge
O 2 O ezt dzlz JHat©) QIz0 dzd Is s Is
N sHOLGd R sl v w@Els j tc O e Py ONjS sted |
C Ot tsdzdzd & 5 dzlp fizte @iAdS te jlIHE @ ) dzls ¥ o € Oy

Y HajTo4eH

O/IrOBOP 3a BMAOT Ha KOMMOHEHTaTa Koja ce enyvipa of
KOJIOHaTa BP3 OCHOBA Ha MaceH crekTap

13
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¥ ["acHa xpomaTorpaduja - npMMeHa
* kvantitativha analiza
?5‘ % XpomaTtorpam:
NHaancuuca - Bpeme Ha 3ajp>XyBar-e,

‘NHa opavHaTta - MHTEH3UTeT Ha curHanoT = intenzitet na
ikot , npornopuMoHaneH co KoHUeHTpaumjaTta Ha KOMMAOHEH-
__TaTa Ha Koja Toj MUK ce oaHecyBa.

" Zakvantitativna  analiza
Nvisina napik (f sdzj figgds t9 d
iz SHSEES
\ (nopaHo
i sls j hoeHsc dzj ) dzsdTBEpPCKN).
CnepeH Yekop: TpaHcopMMpare Ha BpeaHOCTUTe

onpepgerneHn 3a BUCMHaTa Unn noBpLlinHaTa Ha NMkKoBuTe BO
nogartoun 3a KBaHTUTATUBHUOT COCTaB.

% [acHa xpomaTorpadwmja - npmmeHa
s kvantitativna analiza

Sl syj stsj=Qs ¢
] @ SH S dstihlsp PMigIO®OdzH OtcH! L O1

14
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¥ acHa xpomaTorpaduja - npumeHa
* kvantitativna analiza

- [ etod na vnatre{en standard - jofaBar-e Ha
COeAvHEeHne COo No3HaTa KOHLUEeHTpaumja Bo cmecaTa Koja
Ce aHanuampa un Koja HopMasiHO He ro COApP>XWU, a HEFOBUOT
xpomaTorpadcku nuk Tpeba aa e 4o6po N3BOEH Of 0HUEe
Ha KOMNOHEHTUTE Ha cMecaTa.

- KonmyecTBOTO Ha cekoja KOMMOHeHTa ce onpegesyBa co
cnopefba Ha noBpLIMHaTa Ha COOABETHMOT MUK CO
MOBPLUMHATA Ha NMUKOT OZ BHATPELLUHNOT CTaHAaPA.

-1 4 dzOls df dede@) d L =izt ;1o

% [acHa xpomaTorpaduja - npumMeHa
* kvantitativna analiza

Normalizirawe - MPBO Cce oAdpeAyBa MoBplUMHATa Ha
CUTe NMUKOBWU BO XpomartorpamoT, a notoa yAesioT Ha
CeKoja KOMMOHeHTa ce npecmeTyBa cropes n3pasor:

X, = P/SP,

© Uslov : KopucTeHnoT AeTeKTop e nogenHakBO OCETSIMB Ha
Cekoja 0f MPUCYTHUTE KOMMOHEHTU. bnaejkn Haj4ecTo
HEe e Taka, BO M3pas3oT Ce BHecyBaaT KOpPEKLUMM, T.H.
haKTOpM Ha OCETIMBOCT Ha AETEeKTOPOT, 3a Cekoja o4
KOMMOHEHTUTE (EeKcnepuMeHTanHo ce onpegenkz 9,Ca
nocrojatT WM  eMnMpuUcKn  opMmynu 3a  HEroBo
npecMeTyBaHe 3a NoBEKe Kfiacu CoefuHeHuja).
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