Paspgen Kypca: XPOMATOIMPA®UYECKUUN AHANU3
Jlekuna 41-42

Tema nekuun: TEOPUA TAPEJIOK.
XPOMATOINPA®OUHECKAA MOEHTUOUKALIUA.
KONMMYECTBEHHbLIN AHANU3

NMnaH nekuyumn:

1. TporHo3upoBaHne BO3MOXHOCTWU pa3ferieHusl BeLlecTB.

2. XapaKkTepuCTUKU yaepXuBaHUA KakK UAeHTU(PUNKALUOHHbIE MPU3HAKMU.
AOpyrue cnocobbl ono3HaHus BelwecTB. [loHATME 0 XpomaTo-macc-

CNeKTpoMeTpum.

3. AHanutn4yeckue curHanbl B XpomaTtorpacduun. PacyeT pesynbraTtoB
aHanusa no cnocoby abcontTHOU KanuopoBknU. Cnocod BHYTPEeHHero

ctaHaapTa. Cnocob Hopmanusauum.



Teopus Tapenok (1)

Co3paHa A.MapTtuHom u P.CuHgxem B KoHue 1940-x roqoB

OcHoBaHa Ha NMHEMHOU paBHOBECHON MoAesnu xpomaTtorpadunyeckoro npouecca.

Mo3BonsieT OTBeTUTb Ha cneayrome BONpPocChl:

0 kakyro oopMy AOMKEH MMeTb XpomaTtorpacmiecKkmMm nuK, HaCKoJibKoO
OH OyaeT pa3MbIT NMPU UCNOJIb30BaHNMN AAHHOWN KONMOHKN?

[l Kak 3aBUCUT CKOPOCTb ABWXEHUS KOMMOHeHTa B KosfioHke (W) ot
koadhpuumeHta ero pacnpeaeneHus (N mexay NP n HXP?

[0 HACKONbKO AOMKHbI pa3nn4yaTtbCsd CBOUCTBA KOMMOHEHTOB, YTOObLI B
AAHHOM KOJTIOHKEe NMPOU3O0LUSIO UX NOSIHOE pa3aeneHue?

[ Kakom MUHMUMaNbLHOW ANIUHbI OOMMKHAa ObITb XpomaTtorpacdunyeckas
KOJZIOHKA, 4YTOObl KOMMOHEHTbl C 3aAaHHbIMW CBOUCTBaMU B HeM
pasgenunuco?



Teopus Tapenok (2)

BbicoTa, SKBUBanNeHTHas TEOPEeTUYECKON Taperke.
CoOTBETCTBYET BbICOTE Crosi copbeHTa,

Npu NPOXOXXAEHUN KOTOPOW akT copbumn—aecopbuum
OAHHOW MOSEKybl YyCNeBaeT COBEPLUNTLCHA OOUH pas.

B3TT onpenensietca npupoaon copbara, kKa4ecTs:
copbeHTa, crnocodbom 3anofIHEHUSA KONMOHKN U
YyCNoBUsiMM XpomartorpadgumpoBaHmsa (TemneparTyp
CKOPOCTb rasa HocuTend u T.n.).

Uucno tapenok (N) 3aBucur
OT AJINHbI KOJTOHKMW.

N:L/HBBTT

roe L — anmnHa KONoHKU




Popma xpomaTtorpadmnyeckoro nmka

3 Teopun Tapenok criegyert, 4To doopma noboro ul
XpomaTorpagpunyeckoro nmka rnpu NMMHEUHON |
N3oTepme copoummn AormKHa onucbiBaTbCa OYHKLUUEN ;
[[aycca (KpuBOW HOpManbHOro pacnpeneneHus). 5
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Uncrno Tapenok B KONMOHKE MOXHO OLEHUTb SMMNUPUYECKU, U3MEPUB
Ha XpomMaTorpamMme BpeMSA YOEpPXNUBaAHUS W LUMPUHY NOOOro nuka y
ero OCHOBaHMsi () WK Ha MONoBMHE €ro BbICOTbI (M, )

2 )
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[Myctb Ans Hekotoporo nuka ¢ =100 n y = 1. 3Haunt, N =160 000 !




OObLIYHO Ha XpomMmaTorpamMmme CMecU NMUKKU Tem Wwnpe, 4Yem GonbLie Bpems
yAepXnBaHUA KOMIMOHEHTA.

NMouyemy?

[1ns BellecTB O4HOro Krnacca gaHHasi KOfmloHKa MMeeT NpuonmnanTenbHo
oavHakoBoe Yucrno Teopetudeckux Tapenok (N, =N, =N, ....). 310
OOBbSACHSET, NoYemMy Mpu U30TEPMUYECKOM peXnMe pasaerieHns MUKN pasHbIX
BELLECTB UMEIOT PasHyo LLUMPUHY, MPSMO MNPONOPLMOHarnbHY0 BPEMEHN
yaepxusaHus (t)

2

H H H,

[MycTb ona nuka 1 tr1 =100 w© M, = 1. Ecnn BewecTtBa 1 n 2 oAHOTUMHbI, N1 ~ N2.
Toraa ans nuka 2, y kotoporo tr, =400, u,=4



Kak cBsi3aHbl CKOPOCTb ABUXEHUSA KOMMNOHEHTa B KosioHke (W)
n KoadpcpuumeHT ero pacnpenenenus (N mexay NP n HXD?

3 TEOPUN TaAPeEJIoK crneanyeT, 4To

B U
Vioo + 1 Vipko

U — cKOpPOCTb ABWXEHWS ra3a-HOCUTENSI. t /
r
L L-(Vpo+I''Vyge ) (2

IR

w

(1),

W U T

OTHOCMTEeNbHbIE
531 _ Vﬂ(p + F1 ’VH;I(q) BpeMeHa yaepXuBaHus
(3) He 3aBUCSAT OT AJIUHbI
KOJFTIOHKN U CKOPOCTHU
rasa-Hocutens !

tR OMH. — —_—
try Vo ¥ 12 Vixe



CBfi3b pa3peLleHns1 U NepeKkpbiBaHUSA NMUKOB
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Mpu konnyecTteseHHOM (100%) paspeweHumn nukoB R_ > 1.5



[MporHo3mpoBaHue pa3peLleHUus MMKoB

My Hy

BenuunHy R_ MOXHO npeAackasartb no
U3BECTHbIM Ko3cpcpbuumeHTam pacnpeneneHus (I,
url,) v 4ncny Tapenok B AaHHoU komnoHke (N)

R, = 0,424 I'y—-1I; A N= 0,212AI'\/N

Bennunna RS 3aBUCUT OT NpPUPOLbl KOMMOHEHTOB, YCITIOBUU UX pasfeneHna u
XapaKkTEPUCTUK KONTOHKN (3PdEKTUBHOCTU U CENEKTUBHOCTN)



CenekKTUBHOCTb KOJNIOHKU —pp

onpepensderTcAd oTHOCUTEJSibHbIM

pasnunynem KoacppumuneHToB
pacnpepneneHus pasgensaemMbiX

: m.@

3cbcbeKTMBHOCTb KONOHKM

onpeaensieTca YNCriom
TeopeTUYeCKUX Taperok.



BrninaHmne cenektTUBHOCTU U 3P PEKTUBHOCTMU
KONMOHKU Ha pa3pelueHue NnukKos

N =10000 N=10000

N =400
.b I
Bbicokasa cenekTUBHOCTb, Hunskas cenekTmBHOCTb,
Bbicokas CeneKkTMBHOCTb, HM3Kkast 3PDEKTUBHOCTb BbICOKasa 9pMEKTUBHOCTb

BblcOKas adoPEeKTUBHOCTb



CnocoObl
NnoBblILLeHus
CeNneKTUBHOCTM:

CnocoObl
NnoBbILLeHUs

3¢ heKTUBHOCTMU:

3ameHa HXO,

NM3IMEeHEeHUe TeMrnepaTtypbl KOJTIOHKMW.

YBenunyeHue AJINHbI KOJTOHKUA
(nepexoa K KanUNNAPHbIM KONTOHKaM),

n3MeHeHune ckopoctu aeumxxeHus Mo,
U3MeHeHue TeMnepaTypbl KOFIOHKMU,

zameHa HX® vunun HocuTtens.



BnusHue ANMHbLI KOJIOHKU Ha pa3pelieHne nkoBs

L]

L=1wm L=5m L=25m™m

CoctaB cmecu, npupoga HXXP n ycnosusa pasgeneHms Bo BCex Criydyasix OAMHaKOBbI



BrinaHmne cKkopocTu rasa-HoCUTensd Ha
pa3pelueHue NMKoB

B3-|_|- = A + B/U -+ CU A —  Buxpesas

anddysns
BoTT YpaBHeHue BaH-[JeemTepa
“ B/U — MonekynsipHas
anddysns
Cu — ConpoTuBneHue
MaccomnepeHocy

u,_ U (nnHeviHasi CKopoCTb)



KnHeTtnyeckas Teopus pasmMmbiBaHUA

CKOpPOCTb NMepeMELLIEHNS NO KOMOHKE OTAENbHbIX MOJEKY/
OT/IMYAETCS OT CPeAHEN CKOPOCTU, XapaKTEPHOW AN AAHHOro
COeIMHEHMS

=< U oo ooy /A\
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B L AU it
YuuTbiBalOTCA csieaylouime npoyecchl:

HEOOHOPOAHOCTb MNOTOKa NoABWMXHON (pasbl.

npogonbHaa anddysns B HXO u N
KMHeTnka maccornepenadn B HXO u No

HEPABHOBECHOCTbL lNpouecca BHYTPU 3aCTOWHbIX 30H



cnocobbl MOEHTU®PUKALIMA BELWIECTB

B XpomaTorpaduyeckom aHanuse

1. Mo coBnageHUIo XapakTepuUCcTUK yaepxXuBaHusa Ana npoobi (f) n
aTanoHa (t ), rae X — npeanonaraeMbi KOMMOHEHT NPOOLI.

Mpu aTOM 3HaYeHusa t nony4varoT: 1) ONbITHLIM NyTeM, 2) U3
CMpPaBOYHUKOB, 3) NO 3HAYEHUAM { CTPYKTYPHbIX aHaNoros.

2. Mo coBnageHuo cnekTpa KOMMNOHeHTa NpobbI (nocne
Xpomartorpacmnyeckoro pasgeneHus) U aTanoHHoro cnekrpa X.

3 Mo pe3ynbTraTamMm conocTaBfieHUA XpomMaTtorpamMmm npoobl,
NOJIyYeHHbIX B pa3HbIX YCIIOBUAX (A0 M NOCNie XMMUYeCKOM
00paboTKn, npu pasHbIX cnocobax AeTEeKTUPOBAHUA U T.N.).



CxoauMOCTb BpEeMEH U MHAEKCOB yaep)XXnBaHUA Tornyona
npu aHanu3se moaesibHON cMecH

Pexxum paspgeneHus Co,qeez(al-me, W, % W, %

10 1,6 0,10

H3orepmuyeckuil 0,01 2,0 0,09

pexuM

0,001 4.1 0,45

10 0,6 0,08

Peum 0,01 0,6 0,07
IIPOrPaMMHPOBAHIA

0,001 1,0 0,15

Hapo ucnonb3oBatb nHaekcbl KoBaua!



INlorapudMmuyecknm uHaekc yaepxmBaHus
(UHOeKkc Koeaya)

lgt’ — Izt
I, =100 R(x) R(n) .,

ISUR(n+1)—ISTR(n)

roe tR(n) 7 tR(n+1)— UcnpaBneHHble BpeMeHa yaepXXmBaHua
H-ankaHoB ¢ n U n+1 atomamu yrrnepoaa, BbIXoasiLLUX U3 KOFTOHKU
pounnocne X, at, ) - VICMPpaBneHHoe Bpems yAepxuBsaHus X.
UHaekc KoBauva onpepensietca npupoaoun X n tunom HXXO,

crnabo 3aBUCUT OT TeMnepaTypbl U MPaKTUYECKU He 3aBUCUT OT

CKOPOCTU rasa-HocuTens, KOHUeHTpauun X U cocTtaBa Nnpookbl.



MMpumep pacyeTa

Ha xpomatorpamme 6eH3uHa ¢, HekoToporo nuka - 189 c. lluk X nexut mexay
NUKaMn H-renTaHa v H-OKTaHa, Ans KoTopbiX ¢, paBHbl 172 1 218 c. lpegnonarator,
4yTo X - 3710 2,2,4-TPUMETUNMEHTAH, Y KOTOPOro t‘R = 739,0 ( gpna Ton xe HX® n ton
Xe Temneparypsbl). BepHo nn 310 npeanosioxxeHne?

PeweHue. NoactaHoBKa OaerT:
le 189 — lg 172
I =100 (-2 5
X lg 218 —lg 172
[NonyyeHHoe 3HavyeHne [ NoYT He oTnM4YaeTcs oT TabnuyHoro t'R

(NOrpewHoOCTb U3MEPEHNA MHOEKCOB 00ObIYHO He npeBbiwaeT 0,5 eauHULbI).
CnepoBartenibHO, X MOXET ObITb 2,2,4-TPUMETUNNEHTAHOM,

+7) =739,2



[Mpumep Bblgavm Ha nevaTb pe3ysibTaToB PadoThl
cuctemMbl KoMnbroTepHon naeHTudpukaumm (CKN)
npu xpomartorpaduyecKkom aHarnimse 6OeH3MHa

Peak t I I Name %
37 | 33,975 | 741,1 | 7413 3,3 - dimethylhexane 0,109
38 | 35,718 | 755,3 | 755,3 Toluene 11,066
39 | 35,944 | 756,4 P unidentified 0,018
40 | 36,367 | 760,6 | 760,2 2,3 - dimethylhexane 0,319
41 | 36,541 | 762,0 | 762,1 | 3-ethyl - 2 - methylpentane 0,078

t — BpeMA yaepxKmnBaHnNA, MUHYTbI

| — nHaekc Kosaya ansg onosHaBaemoro rnmka Hp06bl,

IX - nHaekc Kosava ans nuka Xi B b,

d - kpuTepuin coBnageHus NUKoB, 3aeck - 0,5 eanHULbI MHOEKCa
% - cogepxxaHne KomnoHeHTa ( B % macc.).




KonuyecTtBeHHbIU aHanNu3 B
XpomaTtorpadun

AHANMUTUYECKNUM CUTHANOM SABNAETCH
HE CUIM'Ha/1 AETEKTOPA, a BbICOTA
h UIN 1Jiolllalb NMNKa.

NMUKa MO>XHO NCIMOJ1b30BAaTb
B Ka4eCcTBe€ aHaJIMTNHECKOIO CUrHara,
€CJ1n BCe MK y3kme n CUMMETPUYHbIE.

TTT T[T TTIT T
i | E i i

B niobom cny4yae cogep)kaHve KOMMOHEHTa MOXHO pacCcyYUTbIBaThb
ero nuka. B cny4ae LWWMPOKNUX UMM HECUMMETPUYHbIX
MUKOB pacyeT BO3MOXEH TOMbKO MO nnoLann nuka.



YyBCTBUTENBLHOCTbL U
npeaen oobHapyxeHus

YyBCTBUTENBHOCTb —
onpeaenaeTca HakJIoOHOM
rpagympoBOYHOro
rpaduKa

H nuka

.— S=dH/dC

%

C, Mr/n

[penen obHapy>keHus —
HaMMeHbllee coaepXXaHue,
Npn KOTOPOM KOMIMOHEHT
MOXXHO OBHapPY>XUTb C
3a1JaHHOM BEPOSITHOCTbLIO MO
NAHHOWN METOAMKE

|

M,-Mv./‘J \A\AMIHW

H nuka = 3 * H wyma




CnocoObl pacyeTa pe3ynbTatoB B XpomaTtorpacdpumm

(BHELLUHUKX cTaHOapT)

daBTOMaTtTun3auunmn

Cnocob + _
AbcontoTHas
[1pn BBOOE NPOOHLI C
KanmbpoBKa [MpocToTa, BO3MOXXHOCTb

MOMOLLIbIO LUMpULA -
HU3Kas TOYHOCTb

rpagynpoBKu

AOcontoTHan H
€ HY>XHbl CTaHOAPTHbIE
KanmépoBkKa y Aap TpyaoemKocTb
obpasupbl
(MeToq Ao6aBoK)
BHyTpeHHUN
Bbicokasi TOMHOCTb TpyooeMKoCTb
cTaHpapT
OKCIMPECCHOCTb, OrpatinenHas
HopmMupoBka
PM1P QUG USRS NPUMEHUMOCTb




Cnocob abcontoTHOM KannbpoBKM

(C NpMMEeHEeHNeM BHELLIHEro CTaHaapTa)

S nNuka

C.=4-§.+8B

C, mr/n



Cnocob BHYyTpeHHero ctraHgapTta




Cnoco® HOpMUPOBKMU

\ k;S; -100%

B oOwem cny4ae: Ci Z
’ >k;S;
I1>-1

S Npun pab6bote c AUlMowm:

S; -100%
PINY

Ci, o =

Cnocob Henb3s NPUMEHATb, ECIIN:

* npoba He NOMNHOCTbIO UCnapsieTCs;

* B MCMapuTene unun B KONMOHKE UAYT Kakme-nmbo XMMmnyeckne peakumu;

* HEKOTOpble KOMMOHEHTLI OCTAKTCS B KOSIOHKE UITM UX MUK HE PEMMCTPUPYIOTCS;

* HEeT MOSIHOro pasdernieHns NUKOB Ha XpomaTtorpamMmme;

* [OETEeKTOop AaeT HENMMHEWHbIN OTKIUK.

* HEeu3BEeCTHbl 3Ha4YeHus k. (TpebyeTcs npeaBapuTeribHOe OTHECEHWE BCEX MUKOB Ha

XpomMaTtorpamme 1 rpagyvpoBka AeTekTopa No 3TanoHy).



Cnacu6o 3a BHuUMaHue!



