ALCOPBLINHO-OECOPELIVHI MPOLIECH.
BUKOPUCTAHHA KATANI3ATOPIB.
BA30BI ®I3NYHI NPUHLUUIMA
TPAHCObIOCEPIB.

[Mpod. B.A.CKpuweBCbKUM



Cxema, fika NOSAACHIOE NpUHUMN Ail
XIMIYHOro ceHcopa
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ACOPBLINHO-OECOPBLIVHI MPOLUECHU
HA MOBEPXHI TBEPOOIO TIJ1A

PoboTta ceHcopa ba3yeTbCs Ha BUKOPUCTaHHI aBua adcopbuii YacTUHOK
Ha rnoBepxHi (nat. ad — Ha, sorbeo — nornunHato).

Adcopbam — ue MONEKyYnn rady Yn PO34YNMHEHOI B PiANHI PEYOBUHMU,
SIKI KOHLEHTPYIOTLCA Ha NOBEPXHI TBEPAOro Tina (adcopbeHm)

MixxaToMHa B3aemMoAin:

PazauqawT xumuueckue (A santedgtasie) n dusuueckue
(#epanentauwe) M, B. K HepBuM O0THOCAT KOBaleHTHHE
(1A romononsgpasie, oOMEHHbE HIH [AOHOPHO-AKIEHTOp-
HB€), MOHHbIC (HAN TreTepoloJAApHLIE) H MeTANIAWYecCKue
M. n, Ho BropuM — Bam-pep-paanbcopu M. B., BKAKNZa-
Imue 31.-CTATHY. B3aUMOJICHCTBHA MYJALTHHOICH, mMOJApu-
3AIMOHHKE (MHAYKIHOHHKEE H ANCIHepPCHOHHE), PpeanaTH-
BICTCKN® MAard. M sanmaaasisaiougue ax.-marua, M. B. [lo



dPi3nyHa apgcopoUin:

d— Gases and chemicals
¢

CUIIN MiXKMOJTIEKYNAPHOT B3aemopil (BoaHEBUMN
3B'A130K, cuna BaH gep Baanbca, monekynu
3axonneHi B nopax), sKi He cyripog8oO)XyrombCsi
Cymmeeoro 3MiHOK eJIeKMPOHHOI cmpyKmypu
Morsiekysn adcopbamy.

Activated Carbon adsorbs
qases and chemicals

XimiyHa agcopbuis:

MDK atToMamMu (Moriekyrnamm)
agcopbaty Ta agcopbeHTy
BiabyBaeTbCA OOMIH eniekTpoHamm Ta
ymeoproembCs XiMiYHUU 38 'AI30K.



®ISUHHA AOCOPBLUIA

BOJOPO/JHAHA CBHA3b — tun ceASH MEMIY aATOMAMH,
HFIFHE'HFTU'-III'IJI]FI MOAY BAJeHTHRM W HEAAJCHTHRIM e -
amoMiibtyw  aigusmodedemanem. B. ¢, momer obpasoparhen
npH HaaInTEM atoma i Mesminy gByMa a.-oTpunar. arto-
mamu — F, N may O, npruiM ¢ olHEM B3 3TUX JBVX ato-
MOH ATOM HOJOPOJIA CDA3AH KOAAEHMHOU CARILND.

[Tpupoga B. ¢, cocToRT B TOM, 9TO DJEKTPOHHAH IIOT-
gocThs Ba auamy chAsH O—H (N—H u 1, g.) ememaeren K
Gonee oa.-orpunar, aromy O (N =m r, n.). llpr srom npo-
TON WOAOPOOa «OTOAAeTCA», €IT0 chnocobernver cbmmske-
UWIO 3J1.-OTPHIAT. aTOMOR cocemHHX Moackyn. B peaynn-
Tare paccrosama O, , O u N., . Op B, ¢. O—H...On
N — H...0O oRasuBaTCH NPHMEPHO PABHHMH CYMMC
Dan-Aep-HaadECOBLIX a4mMOoMHNT paﬂuycm. T. &, JI.-0TPH-
NAT, ATOME B KpUcTanaaax c6amwsawTcH TaK, Kagk Oyaro Gul
ATOMA BOMOPONAa Me/RIV HWUMH HEeT.

Puc. 1. Cxema nonopoauoft casn-

31 B NAMMepe BOJAN: [ — HOH-

Ham BONOPOJHAA MCOHEMOIEKY-

JAPHAS CHA3b, 2 — KOBAJICHT-
HBR cBA3bL H — O,

Hanwumenm B. c. ofycaosaeno cpocofGpasne CTpyKTYpH
M GH3. CHOHCTB BOUA M BOJEWX pactBopos. l{pucranamy.
CTPYKRTYPa Jbjia, CVICCTRVIONAR NPH oOWUHLIX VCIOBHAX,
npejctanaser coboit ayypayw cerky B. ¢., B K-poii ume-
ercAa Doapmoe Roa-s80 uycror. [Ipw naapaenny apja oTH
NYCTOTHI MACTHYHO 3ATIOJHHIOTCH MOJCKYJIAM#B BOALI, o 110-
TOMY IUJIOTHOCTH BOMALI BLIGC 1IAOTHOCTH JLJA.



B3aemoaia BaH gep Baanbca

Onanveerne (Ban-Iep-BaanbCcoBB) M. B. LCAHKOM ONu-

CHBAT BuamMopeiicTere artomop OJaropogHEHX rasos, +
BeK-DHX OpraHWY. COC/MHEHHH H, Kpome TOro, BHOCAT d P
BKAAL BO BIAHMOJCHCTBHA AP. THIOA. dnequul{. B3aKMO- +q @J_' +
Reiicteue MyJabTHNO/JEH HPUBOAKT K T.H. OpHEe HTa-
REOHNOMY B3AaHMOZeHCTBHI, ONHMCHBaE- + +
MoMy ¢-noif p=9qd
A :
P\,Ommanxuﬂaﬂue W‘
\
\o
0 ¢ \\“'=-—-—
Pesynbmupymmga i =T
= [\|3 di d} d’ o
o i i
/(f;;umnmeuue rg F{T} T A E- + E 1:
F ] ' T
rge dy, d, — AMNOJLHRIC MOMCHTH Baanuu;leﬁcmym-

mEx gacTiy. M. B. HC OrpaHuYIBaeTcA B3AHMOJCHCTBUCM

C EWITS TUIIOJIeH.



METHJIOBBIHN mo0oH

CIUPT xjaopodhopm aleToH YIJIEBOJIOPOA OKTaH reKcaH
CH-OH CHCI CH-.COCH C:H,4 C:H CH
JIMITOJ1b=/IUTTIOJILHOE NMOCTOSIHHBIN JIUITOJIb — HABEJAEHHBIU JIUIOJb —
B3aUMOJICUCTBUE HaBEJACHHBIN AUIIOJNb HaBEJICHHbIN JAUII0JIb

OpueHTaumoHHoe (AUMNONb—AMMOSb) B3aUMOAENCTBME MeXAY MOJSIAPHbIMU
MoneKyfamMm, T. €. MoJieKyslaMu C MNOCTOSIHHbIMWM AWUMOJSIbHbIMWM MOMEHTaMMU.

MoTeHuUWan B3aMMOAENCTBUS XECTKO OPUEHTUPOBAHHbLIX AUMONEN SABNSETCH : PP
aHU30TPOMHbIM, T. €. 3aBUCUT OT OpMeHTauuum nocTtossHHoro aunons. OH U ~ 3
NponopLnoHaseH KBagpaTam AUMOJIbHbIX MOMEHTOB n obpaTHoO Tr

NpornopuUuoHanieH TeMnepaType W LWeCToW CTeNeHW pacCTossHUS  Mexay
Annonsamm

NHaYyKUMOHHOE (MOCTOSIHHbIN AUMNIb—HaBEeAEHHbIN ANMNOMb) B3aUMOAENCTBME MeEXAY MONSPHOMN
M  HenonsipHoOM Monekynamy, npu KOTOPOM TMMOCTOSIHHbIA  AUNOJIbHbLIK MOMEHT MNepBOW
B3aMMOAENCTBYEeT C MOMEHTOM, WMHAYUMPOBAHHbIM €ro nosnemMm BO BTOpon. B 3ToM cnydae
noteHuman obpaTHO NponopuMOHaAneH LWEeCTON CTeNneHM pacCcTossHUSA U NMPSMO NPonopuUMOHaneH
NoNsipU3yeMoCTU HENONIAPHOW MONEKYbl M KBaapaTy NOCTOSSHHOrO AUNO/IbHONO MOMEHTA:

HduncnepcnoHHoe (HaBeaeHHbIM ANNoNb—HaBEAEHHbIN OMNOSb) B3anmMogencTene, npeacraenstowlee cobon
B3anMO4eNCTBME MOMEHTOB, BO3HMKAKOLLMX, B KIMAaCCUYECKOW MOeNun, B pesyrnbrate MrHOBEHHbIX
donykTyauumn 3apsga . Ero noteHumnan takke obpaTHO NponopLMOHarieH WeCcTon CTENEHN PACCTOAHUS U

pacTeT C POCTOM MOMNSPU3YEMOCTU YacTuLy



OHeprud B3a-] PaBHOBECHOE MEH-

THN HE}HE"LDHHHI‘(] uMoneficT- |aToMHOe paccToAHNe, A
B3AMMOAEMCTBHI BMA, T +=
L KKAN/M0Tb AB HA
Ban-nep-saansCoBO
B3amMoneticteme . , ., .. .| 0,01—0,1 3—4& —
H-caAaak.:
'LT-TIEI.ﬁEI.H s & & ®mB m & ® & = uil_i‘lﬂ 3'1'-.]'_315 E,E_E,ﬁ
CpeHAs . . . . . . . .l 5,0—15,012,7—3,0|1,7—=2,0
CHANBLHAH . . . . . « « « .« 20—60 2,2—-2,511,1—1,2
XHMugecHad CBRAL . . . . . 0—200 1. 0—=2,0 —




XIMIYHA B3AEMO/IA (koBaneHTHAa)

Xpwpyeckne M. 8. HoBaaemrtumoe M. B, uMeer
HanpaBJeHHLN, JOKaJAN30BAHHHN W HACHIOERNHH Xapak-
Tep. Ilpm oOpasoBanum XuM. KOBAJEHTHOU CBA3H HpoOKC-
xopAaT obobuecTpAeENe I KONNEHTPHPOBAEHE HAPW 3JeKT-
POHOB HA MOAeRyARpHOU opbumasu, K-pasg nMeer npo-

CTPAHCTB. (PUKCAL0 OTHOCWUTEJBHO CBA3KIBAIONIUXCA aTo-
moB. B obfpaaosannoii odmeii opbutaan o6odmecTpaéHERE
SJICKTPOHH MOIJW MNEpPBOHAYAALHO NpHHAAde;kaTh O000MM
aromam (oOpasosamne H,, N,, O, u gp.) anbo, Apu BOIHNK-
HOBEHHH JOHOPHO-AKUCUTOPHOW CBASH, TOJABKO OJHOMY H3
ATOMOR -- OHOPY, cBobommana Hte opbuTans npusajie-
IKHT BTOpOMY atomy — akuentopy. B kxasectse pomopos
AIH aKUENTOPOB MOIYT CAYHIMTh LCJkle TPYHIIE aTOMOB,
Moaekyns ¢ KOBANEHTHOH CBA3BK OOHYHO IIOJAAPHEE,
T. €. HMCIOT NOCT. 9JeKTPHY. ANMNOJAbLHLII MOMEHT.

y Vo Ury *
" (") — m — or P a = "Zf’a(r-—r()) ’

rae noAronodHke napamerpw @ ~ 0.3 A, m = 4; koopan-
HATH MHHHMYyMa norenumana V, n r, OHpeAeJATCA KOH-
KpeTHEIMH  B3aumojeiicTBylomumu  aromamu.  [lepsoe
c¢cnaraemoe p (1) ¢BA2aHO ¢ NpUTAIKEHHEM, BTOpoe — ¢
orrankupaanem |[B, adtaep (W. Heitler) u @. Jlonpon

{F. London), 1927].

(1)



XIMIYHA B3AEMO/IA (ioHHa)

MWommsoe M., B. BH3IBAHO CMENCHHEM BaJCeHTHLIX
PNEKTPOHOB OJHOTO aroMa (aHMOHA) K aApyromy (Karunomy),
MeAy K-pHMH BO3AHKAeT dJ.-CTATHY. I[IPUTHMKEHHE,
llpamepu moBHEKWX cBaseil — M. B. B rajJOresEnjax mnieao4-
HHX MeTaJJoB. ITH CBA3N HEJOKAJIHIOBAHHHE N HEHAChl-
maemnic. IloreBuwan wommoro M. B. onpejenserca ¢-noi

nm { ra \1 i ro ‘
V(r)-'VUu——mln (r)-— m(r) ]’ (2)

e n = 6—9, m = 1; ocraabane NojroHOYHKE Mapamer-
PH 3aBHCAT oT BaaunMojelicTpywmux atoMoB. T. K. 9HCTO
HOBHOro wWJm Kopanentuoro M. B, He <YUIeCTBYeT, AaA
OLCUKH HOHHOH COCTABAAMINEGH B AOHEHO-KOBAJACHTHOH CBA-
8@ BBO/IAT TNapaMeTp JINCKTPOOTPNLATEJABRNOCTR ATOMOB
MIEMEHTOB, K-PHil onpejelmeTca nnngcymmﬁ noTeHIHalla
HOHE3AUMH K CPOACTBA K 3JIEKTPOHY. PAasHOCTHL d/1eKTPOOT-
puLaTe N LHOCTe n1anuuneuc'rﬂ}rmmu: ATOMOB NPHMEPHO
DARHA NOJMe WOHHOI cocTaBanwmen 8 M. B.
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OGesepe:xuBanMe ra3o00pasHbIX U
napoodpasHbIX TOKCHUYHBIX BEIEeCTB

Cxema MeTO10B 06938[)9'1!\‘“88““5! rasosoT rasooﬁpamux H
napooﬁpa'mblx TORCHYHBIX BellIeCTB

Ode3BpeKHBaHHE Ta30B

MeTtoap!l KOHIEHCALIHH

> - _‘//’— \ -
Kara1uTHuecKkHe MEeTOIBI j« TepMHYECKHE METOIBI

AGcopOuna (pusHyeckas H XxeMoCOpOLHA)

MeToab1 KOMIPHMHPOBaHHA

AncopOuHs

Bbl60p ANnnapara oOvYHCTKH B 3aBHCHMOCTH OT pasMepa JacrTuu

Pa3mep yacTun, MKM Anmnaparsl
40-1000 ITer1€0CaaHTEIBbHBIE KaMEpPhl
20-1000 [{uk10HBI AHaMeTpoM 1-2 M

5-1000 IIHKT0HBI JHaMeTpoM 1 M

20-100 Ckpy006epsl
0,9-100 TkaHeBble QHIBTPHI
0.05-100 BOTOKHHCTbIE QHIBIPHI e
0.01-10 DAeKTpOdHIBTPEL

My Shared




KinbKicHa xapakrtepucTtuka agcopouii

Haonuwok adcopbamy, sikuu npunadae Ha OOUHUU IO
I nsow,i nogepxHeso20 wapy, SAKWOo nopieHsIMu 3
Kinbkicmro adcopbamy e oOQuHuui 06’emy adcopbeHmy

Foo MaKCcMMaribHO MOXJIMBaA BefiM4YMHa MOHOLLAPOBOI aacopouii

O=1/ 1"00 cmyrniHb MOKpUMmMs rnoeepxHi

[Mpun isnyHin agcopbuii KinbKicTe TeNNOTU MeHLe 15 k[hx/Mornb;

npu xemocopobuil TennoTa, Wo BUAINSETLCS, MOXE 3MiHIOBATUCh Y Adiana3oHi
15-200 kx/monb.

[MpoTe y Bunagky amcouiatmBHOI agcopObuil Moxe cnocTtepiratnca nornuHaHHSA
TennoTun



LLiBngkicTb npoueciB aacopouii

d_N — Ae—OLN
dt

de N — kinbkicmb adcopbosaHoi pedosuHu, A ma O — nocmiliHi, SKi
3arnexame 8i0 memrepamypu.

Akwo N- pocTe, TO WBMAKICTb agcopbuil nagae !

3BOPOTHMIN OO0 agcopouii npouec, npu sskomy agcopboBaHi YaCTUHKK
3anuvLlaloTb NMOBEPXHIO aacopOeHTy, Ha3uBaeTbCst decopbuiero (3a80siKU
KosiugasibHo20 pyxy adcopbogaHux MOoseKyn y3008X HarnpsMKy Ol cumu
MSXKIHHA Mi>k adcopbamom ma adcopbeHmom).

Mepion Taknx konmears ~ 10713 ¢ (IY giana3on)



CepegHa TpuBaricTb 4acy, Skum g
YyacTuHKa nepebyBae B agcopboBaHOMY T = TnE RT
CTaHi 3a piBHOBaXXHMX YMOB — 40

de Q — mennoma adcopbuii, R — yHisepcanbHa 2azoea cmana, T —
abcorromHa memrepamypa

agcopbuia mae micue B ToMy Bunagky, konu T gocsarae BENUYMHK KiflbKOX Nepioais
KonmBaHb aacopboBaHOI MOSIEKYNN — Yac, 3a KU MK MOSIEKYNOO Ta NOBEPXHED

BCTAHOBMIOETLCA piBHOBara 7 pocme, axkuo Q pocme ma T nadae

Tunoswit yac: disnuHoi agcopbuii — 10~12=107° ¢,
xemocop6uiji — Ginbwe 102 C.

XIMIYHI ceHcopu- NoBINbHI!!l



Mopaeni, aKi onucyroTb npouecu aacopouii:

* MOdesflb LUEHTPOBOI YW NokanizoBaHol agcopbuii, 3ridHO 3 SKOK Ha MOBEPXHI
ancopbeHTy ICHYKTb LEHTpU agcopbuii, TO6TO NeBHi OINAHKA NOBEPXHI Ha SAKUX
YTBOPKETLCA CUMNBbHUA ancopOuinHMin 3B'A30K abo po3nofifieHi No MNOBEPXHI
OBOMIPHI KOMIPKM 3i cnabkum agcopObuinHMM MNosieM  CUST - MIDKMOMEKYNSIPHOI
B3aemopfil. B ocTtaHHbOMY BMNAAKy BBaXa€TbCsd, LUO ICHYE LiNbHa YyrnakoBKa
MONeKyn agcopbarty Ha NOBEPXHI B MeXax LUX KOMIPOK;

o *

- golid Surfacg
1

* ModeNnb OBOBUMIPHOI ha3n, B dkin agcopboBaHUM MOHOLIAP € HeigeanbHUM
OBOBUMIPHMM rasom;

* NoTeHuianbHa Modenb, Aka 6a3yeTbCsA Ha ICHyBaHHI MOTEHUianbLHOro nons
NOBEPXHi TBepaoro Tina, B AKOMYy agcopboBaHuii ra3 CTUCHYTO nobnusy wnoro
NOBEPXHI Ta PO3PigKEHO B 30BHILLHIX LWapax.



OCHOBHUM TepMoaAMHAMIYHUM PIBHAHHAM, siIKe
onucye aacopobuiro, € pieHsiHHs i66¢ca

CBobGoaHasn aHeprus 'mbdoca (unu npocto aHeprusa NMb66ca, nnNn noteHuuan
'Mb6ca, nnn TepmoaHaMUYeCKUU NOTEHLUMAN B Y3KOM CMbICIE) — 3TO BEMNYMHA,
nokasblBaloLlasi U3MEHEHMNE SHEPIUN B XOO4E XMMUYECKON peakLmn

CamonpounsBosibHOE NMpoTeEKaHMe XUM. peakuumn onpegenseTca AByMsS pakTopamu:
SQHTaNbMUNHbLIM, CBSA3aHHbIM C YMEHbLLUEHMEM 3HTaANbNUM (3HEprus, Kotopasd
OOCTYMHa anis npeobpasoBaHUsA B TENSIOTY Mpu ornpegerneHHOM NOCTOAHHOM
nasrieHun cuctembl (AH)), n saHTponnnHbim T AS, 0bycrioBneHHbIM yBENNYEeHNEM
becnopsigka B cMcteme BCreacTame pocta e€ sHTponnn. PasHOCTb 3TUX
TepMoanHaMU4ecKknx qoakTopoB ABMAeTCA PyHKLMEN COCTOAHUA CUCTEMDI,
Ha3blBaeMOW N306apHO-N30TEPMUYECKUM MOTEHLMANOM UM CBOOOOHOWN SHEPrnen
[Mbbca (G, kOX)

B xumnyecknx npoueccax ogHOBPEMEHHO AEWUCTBYIOT ABa
NPOTMBONONOXHLIX ddakTopa — A H 1 T AS. CymmapHbIn adbdekT aTnx
NPOTUBOMONOXHbIX PaKTOPOB B npoLeccax, NpoTekaroLwmx Nnpu NOCTOSAHHOM
OaBreHnn U Temneparype, onpegender nsmeHeHne aHeprum 'mbbca

AG =AH — TAS. AT < ) Mpouecc npoTtekaet



I3oTepmu agcopoOuii JleHrmiopa

i3omepmu adcopbuii onucyromsp 3asexHocmi Kiribkocmi adcopboeaHoi
pe4yoesuHuU 8id muckKy P yu koHueHmpauii adcopbamy N npu nocmiuHiu T

JleHrMiop: NnpupiBHAB WBUAKOCTI agcopbuil Ta
Aecop6uil 3a YMOBU eHepreTM4HO O4HOPIAHUX
NoBepXOHb aACOpPOEeHTy Ta 3a BiACYTHOCTI Ha
NnoBepXxHi nartepanbHOI B3aemogaii
aacopboBaHUX MOMEKYn

V/Vm ’

I o6nacts IeHpi

CMyriHb MOKPUMMS MO8EPXHI.

g PP
1+DbP

b — koHcTaHTa, sika 3anexuTb Bif Temnepatypu Ta
TNy B3aemogii agcopbat—ancopbeHT

PP 1 Mpun Manux 3HayeHHsxX P:

. . bP << 1 0 ~bP
Mpuknaam i3oTepMm ANsi MOHOLLAPOBOI
(1) i baraTowapoeoi (2, 3) ancopbuii i3oTepma Mae niHiliHy AinsHky (o6nacTtb MeHpi)



ObpasoBaHMe MOHOCNOSA

a) agcopbeHT, b) agcopbar,
C) agcopbTtme (razosasa dpasa nnm
pacTBop)

OHepreTnyeckasa guarpaMmma

O N0 )

a) agcopbeHT, b) agcopbar, c) rasosad
dasa, d - paccTosaHue, E - aHeprug, E, -
9Heprus agcopbuuun, (1) necopbumns,
(2) apcopbumd



OCHOBHbIE MOJIOXXEHNA TEOPUN
BT

Ha nosepxHocty copbeHTa obpasytotcsi «nocneaosaTesibHbiX KOMIIEKCOB>
a[ICOPOLIMOHHbIX LEHTPOB C OIHOM, ABYMSI, TPEMS U T. . MOJIEKY/IaMM
aficopbaTa. TorAa NpoLEce aAcopoLMY MOXHO MPEACTABUTH B BUALE
MocAeAoBaTENbHbIX KBa3UXUMUUECKNX PEaKLINN:

S+A=SA; SA+A=SA,; SA,+A=SA;; u 1.4
KoHcTaHThI PaBHOBECUA 3TUX peaKu,Mﬁ COOTBETCIBEHHO PpaBHbI

K =@ Kz[SAZ] K. =

[S4,]
P ap A [S4,]p

rae 4, — KOHLEeHTpauus cBoboaHbIX aAcopbLMOHHbIX LIEHTPOB.

ABTOpbI Teopuy B3T NpuUHAIK, YTO BO BCEX C/IOSIX, KPOME MEPBOIo,
MOJIEKY b ap,ccHJ6aTa B3aUMOAENCTBYIOT Mexy cobon Takxe, Kak U npu
KoHAeHcauuu. [Nostomy Ob110 NpUHSTO, UTO

a




Teopisa bpyHayepa — EMmeTTa — Tennepa (BET)

ModeJib JI0OKasli3zoeaHoi adcopbuii 3 ueHmpamu y euasisidi deo08UMIPHUX
KOMIpOK i eidcymHocmi namepasibHOi 83aeMoQ0ii

P _1 C-1P
V(R -P) V.C V.C P,

Ae P, — TMCK Hacu4eHol napu aacopbarty, V — 06'em aacopboBaHoro rasy, V,, — 06'em
rasy, HeooxigHUN ANA YTBOPEHHS MOHoLapy, nocTinHa C:

Q _QC Ae Q. — TennoTta KoHAeHcauii, g * 1 — CTaTUCTUYHUN
MHOXHMK

C — ge R Mpy Manux BigHOCHUX TUCKaXx P/ PO <<1

PiBHAHHA nepexoanTb Y PIBHAHHSA

Mexrmiopa VIV, =0=bP/1+bP) DP=C/R
C § O 2
] ?::‘}* Q@ 00 6000
EREEREE » T >

Low +——— Pressure —* High



Stephen Brunhauer, Paul Hugh Emmett, and Edward Teller (founders of the
BET theory) had a great idea almost 80 years ago: use the absorption of gas
molecules to measure the surface area of a material

AKLLo BiAOMI 3HAYEHHS MAOLLi NoONepeYHoro nepepidy Monekyn agcopbarty, Ski 3HaXoOoAaATbCS
Ha MOBepxHi, To 3a dopmynoto BET MoOXHa po3paxyBaTu MSOWY MNOBEPXHI TBEpLAoro
afncopbeHTy. BukopuctaHHa apgcopbaTiB KCEHOHY, KPUMATOHY 4M eTany npy T = =195 °C
O03BOMSAE BUMIPSTW MOLLY NMOBEPXHI MOPYBATOro aCopOeEHTY.



Adsorbate e O Q

C O O ) X X

Sample Surface Sample Surface
(a) (b)
Langmuir model Brunauer Emmett Teller (BET) model

3d Layer

2" Layer
1st Layer

Surface Surface




[NonvkoHaeHcauus N3bupartenbHas agcopbums

a) agcopbeHT, b) agcopbar,
c) agcopbTumBbl (razoBas dasa

a) ancopbeHT, b) agcopbar, WNW pacTBOp): NoKa3aHa
C) koHaeHcar, d) agcopbTtue npenMmyLLeCTBEHHAs
(rasoBas thasa nnv pacteop) apcopbums YyacTuL, rony6oro

uBeTa



MEXAHI3MU AOCOPBLII BOOW

Boaa € cnabkum enekTposniTomMm 3 MOXINBOK crnabkoo gucoLlialieto:

H,O+H,0 - H,0"+ OH"unn H,0 - H*+ OH-

H H H H

HeducouyiamueHa adcopbuis \ O+/ \ .|./
Monekyn BOAOMU 3 IHXeKuiero — O
eNieKTpOoHa B OKCUA: ‘ ‘

s x
H,0(g) <> H,O" (ad) + &~ -

+ _ Mopenb agcop6uii Mmonekynu Boau ansi cnabkoro
H O =| e (a) Ta cunbHoro (6) 3B’A3KY
2



MEXAHI3MU AOCOPBLII BOOW

ducouiamueHa ximiyHa adcopbuisi, KOnNu MosneKkyna BoAu B3aemopgic 3
KACHEM r'paTKu agcopbeHTy (Ans okcuaiB), WO BeAe A0 iHXeKWil ogHoro
eNleKTpoHa B oKcua:

H,O(g) +Op°~ +V <>20H (ad) +e~

VO_ BaKaHCIisl KUCHIO, sika 3axornuiia enekTpoH

ducouiamueHa adcopbuisi 3 iHXeKUiclo ABOX eNEeKTPOHIB B OKCUA,!
H,0(g) +O0p°~ + V>~ <> 20H (ad) +2e™

VO BaKaHCisl KUCHIO, siKa 3axonura 2 efieKkTpPOHMN.



CxemaTuy4He 300paxeHHSs npouecy agacopouil Monekyn
BoAu Ha noBepxHi Fe,O,

H H APYruil MOHOLLAp
\ / \ / (::chlsa.qcop6oaa|-|0|
O BOAM
H H nepLmMm MoHoLap
N\ / \ / <:I cdizapcopboBaHoi
O BOAMU
H H I—i’ H <:| XiMmagcopOoBaHi
TOBLUMHA
MOHoOLLApY O O O riapokcunm

_ | | | |
Boau — 2,76 A " Fo

\/\ /Fe\ Y,

Akwo napa Bogn xemocopbyeTbCA Ha NOBEPXHI OKCuAay 3a ancouiaTuBHUM MEXaHi3MOM , TO
YTBOPIOKOTLCA [Ba MOBEPXHEBMUX MNOPOKCUIN 3 KOXHOIT MOSIeKynu Boaun, To6To oaHa
rigpokcunbHa rpyna agcopbyeTbca Ha KaTioHi MeTany, a NpoToH hopmye apyry
riapOKCUNbHY rpyny i3 cycigHiMm ioHom O~



3anexHicTb TensnoTn agcopouii monekyn soau Q BiA
CTYNeHA NOKPUTTA NOBEPXHi MeTar-okcuay

NOBHE NOKPUTTHA

noBepxHi OH-rpynamu
60 - » nepLunmn
2 cdizaacopboBaHnm
S 40 | Wwap
|
©
X
X
G 20 L \/
l. l l—. I —
0 5 10 15 20

: 2_4nl0
CTyniHb NOKpUTTA BOAOK, Monb/cM x10

[Mepwwunn wap disndyHo agcopboBaHMX MONEKYN BOAW HA NOBEPXHI MeTan—oKCcuAay, SKuUm
BKPUTO rigpoKcunamm, yTBOPHETLCA 3a paxyHOK MNoaBiMHOMO BOOHEBOIO 3B'SA3KY 3 OAHIEID
MOMEeKynot Boan. HacTynHi Kinbka wapis gisndHo agcopboBaHnx MONEKyn BOAU MatoTb
nbogonoaibHy CTpykTypy i3 dbopMyBaHHAM pianHHoNoAibHoro agcopbary. 13 3pocTaHHAM
CTYMEHS MOKPUTTS BOOOK NOBEPXHI aACOPOEHTY 3MEHLLYETLCS BENMYMHA TENOTN agcopouil



ACOpPOIINSA 3ABUCHUT:

=W N =

. IIpupoawi aacopOenTa;

. Ilpupoas! agcopodara;

. Temmneparypsi; T T, axcopouus |

. JdaBienus. T P (175 rasos), axcopouus 7

dusunyeckas agcopbuus

Xumuyeckasa agcopbuus

1) Tennota apcopbuuu ~ 10 =30
k[D>x/Monb

1) ~ 100 = 300 kx/Monb

2) Ckopoctb apgcopbuum W ~ a —
YUCIO YAApPOB O CTEHKY

2) W = a-exp(-E/RT), rae E>80+120
k[Dx/MOnb

3) TemneparypHas
ckopoctu W~ a ~

3aBUCUMOCTb

3) W ~ exp(-E/RT) — CKOpOCTb pesko
yBEnu4YMBaeTCs C TeMnepaTypou

4) Aacopbuus HecneuuduyHa U psia
no aacopbupyeMocT¥ COXpaHsieTcs
Ha nbom aacopbeHTe.

4) Apcopbuusi cneuyuduyHa. [laHHbIN
ra3 MOXeT C OoAHuM aacopbeHTom
pearupoBartb, C APYrMM — HerT.




[Mpyn BennKnx KOHUEHTpauisx rasy aAna AaHol TemnepaTtypu Moxe
BiAOyBaTUCA KOHAOEHcaUia aacopbaTty B Kaninapax (4nsa nopucToro

aacopbeHTy).

3a gpopmyroro KernbeiHa, ymoBa
KaninsgpHOI KoHAeHcaLUil B nopax 26 RT F)
—C0SO¢ = In —
ad V PO

O — noesepxHeeuu Hamsa, d — padiyc nop, V — MOAPHULL 00'€M PiOK0o20 adcopoamy

npu memnepamypi 1, P/ PO — GIOHOCHUI MUCK, HS — Kym 3MO4y6anocmi CHIHOK

Kaninapa aocopoamom.

npu agcopObuil Boan B NopyBaTU KPEMHIN 3

pagiycom nop 3x10-° M koHaeHcaLis (RH — 100 P / PO) — 75 %

BiabyBa€eTbCA Npu BiAHOCHIN BonorocTi RH

o=7,3x10"% H/m, V = 1,8x10-> M3/mMornb ripu KiMHamHiti memnepamypi



BUKOPUCTAHHA KATATNISATOPIB

Kamanizamopu — ue marepianu, siki nigBuLyoTb LWBUAKICTb XiMIYHOI peakuil 6e3
3MiHW 1T pesynbTaTiB. 3a NPUCYTHOCTI KaTanisaTtopa LWBUAKICTb XiMIYHOT peakuil
3pOCTaE 3a paxyHOK 3HMKEHHA akTUBaLIMHOI eHepril peakuil.

S A+B<C+D

NOrriMHaHHA
Tenna

IHTEHCUBHICTb Ui€l peakuil:

r =k[A]*[BIP[C]'[D]°

eHeprisna
m
«

BUAiNeHHs
Tenna

_E
k = Ae RT

C+D

KoopAauMHaTa peakKkuyil

EHepreTnyHa KoHcpirypauinHa giarpama ana peakuii
AKTuBaUinHa eHepria: Eg — peakuif Ans roMmoreHHoi razoBoi dasu,
E. — reTeporeHHa KataniTu4Ha peakuis



Kamanu3

{5 MyShared

Bmiamie katamrzatopa (K) Ha sHepruzo
akTHRamH (Eg) peakipm A+E K. AR

bes KaTAlHs aTopa

Kod pearyi




[T'aTb dpakTOpIB, WO BNNIMBAOTL HA BU3HAYeHHSA

ehPeKTUBHOCTI KaTaniTU4yHoI peakuii:

e TPaAHCMOPT rasiB 40 NOBEPXHI TBEPAOro TiNna,

* agcopbuisi rasiB Ha NOBEPXHI TBEPOOro TiNa;

e peakuisi MbX agcopboBaHMMM YacTUHKaAMU Ta/duM 3 MOBEPXHELD
TBEPOOro Tina,

 lecopOuisi NOBEPXHEBUX YAaCTMHOK i NPOAYKTIB peakuin;

* TPAHCMNOPT ra3onoAibHMX peakTaHTIB i MPOAYKTIB Bi NOBEPXHI.



Apcop6uia BoaHo B KUCHeBiN atMmocdepi Ha
NOBEPXHIO TBepAoro Tina (Ana BoagHeBOro ABUryHa)

Bes kaTanisaTtopa

0, = 20, 0,+2

P
_|_

3a NpUCYTHOCTI KaTanisaTopa

Pd = 2Pd-H,

— 2Pd-0,

2H+0 = Hzo 2Pd-H

Peakuii 1,2- eHOOTEPMIYHI,

pd-0 = 3Pd+H,0

nepLi ABi peakuil NoTpebyoTb

3- ek3oTepMiyHa 3Ha4yHO MeHLe eHeprii !l

Monekynu BogHI0 po34nHAKTLCA B Pd, nepedbynoByOTb CBOKO
eJIeKTPOHHY CTPYKTYpPY M Jlerko yTBOoprTb 3B'A30K Pd-H



EHepreTu4yHa giarpama

rasoBee -
cepenoBMLLe Pd ~ 5102

AHXiM
2H3 2Hi

EHepreTnyHa KoHirypauiiHa giarpama ana agcopbuii monekyn H, y cuctemi Pd-SiO, [NokasaHo: By3nu
xemocopbuii Ha nosepxHi Pd i B iHTepdeiici Pd-SiO,, ski MatoTb 0HaKOBI BNaCTUBOCTI (1 T1a2);
[00aTKoBUI noTeHuianbHuin 6ap'ep ana amcouiauii H, yepes agcopbosaHi Ha nosepxHi Pd monekynu O,
(3); By3nu o6'emHol agcopbuii B Pd, siki 3anoBHIOIOTLCS MPU HU3bKUX TeMnepaTypax i BUCOKUX
KOHLeHTpauiax H,, (4); Byanu disagcopbuii BogHto (5), piBHi ioHIB okeuay (6)



EHeprisg xemocopOuil ra3iB Ha NOBepPXHi

MeTaniB
AH AH

I'a3 | Meraa I'a3 MeTtan

(kKaJy/moJb) (kKaJy/mMoJ1b)
O, W 194 H, Rh 28
Mo 172 Pd 26
Rh 118 Mn 17
Pd 6/ N, W 95
Pt 70 Ta 140
H, Ta 45 Fe 70
W 45 CO Ti 153
Cr 45 W 82
Mo 40 NI 42
Ni 30 Fe 46
Fe 32




BA30BI ®IBN4YHI NPUHUUTIN TPAHCOBIOCEPIB

Axa ¢iznuna

Tun Ipukiaaam ceHCOPHOI
BEJTHEIHE TPaHCAbIOCEpa CTPYKTYpPH
3MIHIOE€THCS P P PYKIYP
MeTaj-OKCHIHUH
., |HAIIBIPOBIAHMK,
. Eaekrpuynui . .
Omip AR OpraHiyHuim
. (2-, 3-, 4- . .
a0o imneganc AZ . HANIBNPOBITHUK,
€JIEKTPOAHMH) . "
HAHOKPHUCTAJTIYHUI
HAMIBIPOBITHUK
. | MeTajg—aieJIeKTPUK
EjnekrpuyHui ¢ ACTCKTP
: . (oxeum)—
€mnictb, AC (iHTerpoBana . .
) HaniBnposBigaux (MJ1H,
MHICTh
I, MOH)
EjnekrpuyHui
M0JILOBA .
PoOora Buxony, f!T KTVDA GazFET, o6ap'ep lloTTKIi,
AD PYKIYPa, MJIH, MOH
MeTO/

KeabBina)

O,+2e —20

H2 +0O0 — H20+e_

epgn =e(Pm — %)



BA30BI ®I3UYHI NIPUHUUINMUN TPAHCOBbIOCEPIB

Maca, Am

II'e30eeKTPUIHUT

KBapuoBuii Mikpo0aJiaHc

(QMB),

IIOBEPXHEBA aKyCTHYHA XBHJIA
(SAW)

Ieaicrop, Tepmomnapa,

JIOMiHeCHeHIIil

Temneparypa, AT |Kanopumerpudnuii
TEPMOPE3UCTOP
OnTnune .o
HanokpemHiii,
MOTJIMHAHHS,
Koeinient CnexrpodoroMeTpHy | KBapu0Be ONTOBOJOKHO,
. HUH inTepdepeHuiinui piasT
BiOMTTH, ) . pdep Ii ¢ E”
CIICOMETPHIHUHA IOBEPXHEBUI IJIA3MOHHMI
ONTHYHA
€30HaHC
TOBIIMHA Nd p
ITapamerpu . . -
JlroMiHeclieHTHU U HanokpemHiii, onroj



http://www2.nose-network.org/webtutorial/transducers/qmb.htm
http://www2.nose-network.org/webtutorial/transducers/saw.htm

Mpuknagn cCeHCOPHUX CTPYKTYP

Metal-Oxide
Semiconductor

Conducting
Polymer

Quartz Microbalance



[Lab-on-a-Chip
(Body Fluid In; Answer Out)

Fld - :
Handling Lab-on-a-chip concept for capillary electrophoresis
a7

_-lmpliﬁcariopp, Sample 2 Dilution 3 Chemical

Derivatization, iy - reagent Fluorescence,

Lysis of cells | UT Aus Absorption,

Concen tration, .4mperon.re_mc,

Extraction, g onductivity,

Centrifugation aman

“ . h—e! 1 Bparation I

. eparwm' C aﬂﬂ . er 1 .

Sample Prep Sample Detection

waste

Sample Separation

1

Electrophoresis, liquid chromatography thee
Molecular exclusion, Field flow
fractionation




