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6 Beryn

BCTYIl

YrponoBx OaraTb0X CTOJIITH MOTPEOM JIIOJCTBA B PEYOBUHAX, IO
3natHi (apOyBaTH pi3HI MaTepiaiu, 3aJ0OBOJIBHSIINCS 32 paXyHOK MPUPOJTHUX
OapBHUKIB, K1 J00OyBaliW 3 MEBHUX pociauH 1 TBapuH. Hampukinm XVIII
CTOJIITTS 31 30LIBIIEHHSM NOTpeOM B OapBHUKAX BUHUKIJIA HEOOXIJHICTH Y
3aMiHl JIOPOTMX NPUPOAHUX OApPBHUKIB JEHIEBUMHU CHUHTETUYHUMH, IO
MOCTYNOBO MPHUBEJIO 10 YTBOPEHHS L0 Taiy3i XIMIYHOI MPOMMCIOBOCTI,
AKa TPOJYKYE MPOMIXKHI OpraHiuHl MPOAYKTH Ta CUHTETUYHI OapBHUKH 1
Oyna Ha3BaHa TNPOMMCIIOBICTIO aHUTIHOBUX OapBHHMKIB. Ils Ha3Ba
chopmyBanach 1CTOPUYHO, OCKUIBKM TEpIIl CUHTETUYHI OapBHUKH Oyiu
OoTpuMaHi 3 aHuliHy. [IpoMHCIIOBICTh aH1TIHOBUX OApBHHKIB € CYKYITHICTIO
PI3HUX BUPOOHUIITB, 11O PIZHATHCS MDK COOOI XIMIYHUMHU PEAKIISIMH, SK1
JeXaTh B OCHOBI CHHTE3y Ha 0a3l TiapokapOOHIB apOMaTU4YHOTO PSAIY
(OeH3eH, TOMyeH, KCHIeH, HadTalleH, aHTPaIleH TOIIIO).

TeopernyHi OCHOBM Cy4yacHOI XiMii OapBHHKIB Ta 3HAYHUN BKJIAJI Y
PO3BUTOK rajny3i Oyl 3akjiaJeHl IpalsMd BIJIOMHX XIMIiKIB CBITOBOTO
Macmrady @pigiidba Pynre (1795-1867), Anonsda Konnbe (1818-1884),
Binesama I'enpi Ilepkina (ctapmoro) (1838-1907), ®dpiapixa benbinTelina
(1838-1906), Skyba Hartancona (1832-1884), Asrycra ['opmana (1818-
1892), Moraunna I'picca (1829-1888), Onexcanmpa Ilopaii-Komma (1877-
1949), Kpumnacami Benkarapamana (1901-1981).

Tomy nociOHuUK, sikuil Bu Tpumaere B pykax, NpU3HAYEHHUN 1JI TOTO,
00 JOMOMOITH 4YMTadyaM pPo310paThcs B OJHIM 3 HaWCTapillMX raimy3eu
XIMIYHOT POMHUCIIOBOCTI — BUPOOHUIITBI IPOMIKHUX OPTaHIYHUX MPOIYKTIB
Ta CHHTETUYHUX OapBHUKIB Ha iX 0azi. OpraHiyHl TPOMDKHI TPOIYKTH
3aCTOCOBYIOTh HE€ TUIBKM JIsi BUPOOHMITBA OapBHUKIB, ajie ¥ y pPI3HUX
rajxy3six TOCHOJAapChKOr0 KOMIUIEKCY, 30KpeMa B Jiako(apOoBiid, XIMIKO-
(hapMalleBTHYHIM  MPOMUCIOBOCTI, BHUPOOHMIITBI ~ MaXy4yuX pPEUYOBUH,
BITaMIHIB, KIHOQOTOMAaTepiajaiB, MHUIOUHUX 3aC00IB Ta OTPYTOXIMIKATIB.
ACOPTUMEHT CUHTETUYHUX OAPBHUKIB HACTLIBKU BEJIMKHUH 1 pi3HOMaHITHUM,
1[0 Taly3b CTajla OJHIEI0 3 MPOBIAHUX Y XIMIYHIA MPOMHUCIOBOCTI. Tomy
BUBYCHHS BJIACTUBOCTEM 1 YMOB CHHTE3y Ta c(ep BHUKOPHCTaHHS
CUHTETUYHUX OAPBHUKIB € IOCTATHHO aKTyaJIbHUM.

B ramysi cMHTETUYHUX OAPBHUKIB y OCTAHHI JECATUIITTS HAKOITMYECHUMA
JIOCTaTHIM HAyKOBUM MOTEHINa] 1 BEJIUMKUN TEXHOJIOTIYHUNA JOCBiJ, MPOTE
J0C1 MPAaKTUYHO BIJCYTHS JOCTYIHA JIITepaTypa 31 BKAa3aHOI TEMaTUKH, a
TUIBKM OKpEeMi TeMH TpejacTaBieHi B Mepexi [Hrepner. Tomy aBTOpHU
HaMarajucsi CTBOPUTH HAyKOBUM MOCIOHUK, II0O 3alIOBHUTH BKa3aHy HIIY.

B ocHOBI 111€i poOOTH JIEKUTh KypC JIEKI1H, Kl aBTOPU YUTAIOTh 31
CHeuKypciB «MeToiu CUHTE3y OpPraHIYHUX CIOIYK» Ta «XIMisl IPOMIKHUAX
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MPOAYKTIB Ta CUHTETUYHUX OapBHUKIB» JUISl CTYJACHTIB CHEIIabHOCTI
«Ximis» B [IpukapmnarcbkoMy HallOHaIBLHOMY YyHIBepcUTET! iMeHl Bacuis
Credanuka Ta TEOPETUYHUX 1 MPAKTUYHUX PO3POOOK, SIKI OYyIM peasni30BaH1
aBTopamMu TiJ 4Yac pobotu Ha I[BaHO-DpaHKIBCBKOMY 3aBOJI TOHKOTO
OpPraHIYHOIO CUHTE3Y.

Y 1npoMy TNOCIOHMKY BHUKIIAJE€HI TEOPETUYHI OCHOBH CHUHTE3Y
OpraHiyHuX OapBHMKIB, MpHUIIEHA yBara MeXaHi3MaM JAEsKUX PpPEaKIli,
pPO3IISIAAE€THCS BIUIMB 3aMICHUKIB Ha apOMaTHYHY CHCTEMY 1 CHUCTEMY
CIPSDKEHHSI SIK YMHHUKIB TOTEHIIMHOrO 3a0apBJI€HHS, HaBEJEHI OKpeMil
MOSICHEHHSI XIMIYHHMX BJIACTUBOCTEW MPOMIKHUX NPOIYKTIB 1 OapBHHKIB.
Takoxx  mogaHoO  OrJIslJ  CHOCOOIB  BHUPOOHMIITBA  HAMBaXKIIMBIIIMX
MpPEACTAaBHUKIB OapBHUKIB OCHOBHMX KJIACIB Ta JIaHI MPO BUKOPUCTAHHS
OapBHUKIB y PI3HUX raiay3sXx IPOMHUCIOBOTO BUPOOHUIITBA.

[lin yac BUBYEHHS KypCy CTYACHTH O3HAMOMIIATHCA 31 creuu(igHOro
KJIACU(IKALIEID CIOJIYK 1 PEaKilid, 3 BEJIUKOI KUIbKICTIO HOBHX IOHATH,
TEPMIHIB 1 Ha3B pPEUOBMH. 3HAayHA yBara MPUIUIAETHCS PIBHOMIPHOMY
BHECEHHI0O HOBOT'O Ta IIOBTOPEHHIO MPOMJECHOIO MaTepially Ha Pi3HUX
MPUKJIAJaX 3aCTOCYBaHHS.

CnoniBaeMocs, 1110 11€ BUJAHHS CTaHE B HAroJll CTYJEHTaM XIMIYHHUX 1
XIMIKO-TEXHOJIOTTYHUX BHIINX HABYAJIbHUX 3aKJaaiB M1J Yac BHUBYECHHSA
creukypey «Ximis MPOMIKHUX MPOJAYKTIB Ta CHHTETUYHUX OapBHUKIB» Ta
OKpPEMUX PO3UIIB OPraHivyHoi XIMii 1 Oy/ie KOPUCHE 1H)KEHEPHO-TEXHIYHUM 1
HAayKOBHM TMpAaIlIBHUKAM XIMIYHOi, TEKCTWJIBHOI Ta CYMDKHHUX Tally3eu
MIPOMMCIIOBOCTI.

ABTOpM BJSIUHI PELICH3CHTAM 3a PETEIbHUNM MEPErsisajl PyKONHCY Ta
BUCJIOBJIEHI I[IHHI 3ayBa)K€HHS, 1110 CITPUSIIN MOr0 MOKPAILIEHHIO.



8 Po3znain 1. 3aranbHi BiJOMOCTI IpO OGApBHUKHU

Po3min 1
3AT'AJIBHI BITOMOCTI ITPO BAPBHUKH

1.1. BUHUKHEHHSI Ta PO3BUTOK NPOMHUCI0BOCTi AaHUIIHOBUX
OapBHMKIB

binbiie miBTOpa CTOMITTS TOMY OapBHUKM J00yBalu JAIIE 3
MPUPOJHUX peuoBUH. Takux OapBHHKIB Oysio HeOararo: Bcboro 01m3bko 30.
binbiia yactiHa nNpupoaHUX OApBHUKIB HE JlaBajia ICKPaBOToO 3a0apBIEHHS,
CTIMKICTh (hapOoOBaHOTO MaTepiany Oyjia HEBHCOKa, a mporec (papOyBaHHS
OyB HOBTHUH 1 CKJIQJHUM.

HaiiBaxxmuBimum  OapBaukoM XIX cromitts OyB, 0€3 CyMHIBY,
[Hauro — “koponp OapBHUKIB”. Ile oawH 3 HaiigaBHIMIMX OapBHUKIB.
Crtpiuku, nodapOboBaHi I[HAMTO, 3HAXOJATH HA ETUNETCHKUX MYMIsX,
noxoBanux Ouibiie 4000 pokiB Tomy. B €Bponi [nauro 3namm Bxe B IX
CTOJITTI.

Innuro
Inguro (icn. Indigo 3 nar. indicum, Bin rpeil. 'Tvoikd¢ — 1HAINCHKUR),
YyJIOBUH TEMHO-CUHIH OapBHMK JI00yBajiuM 3 PpOCIAMHU 1HAUTO (Pig
Inoucogpepa OGaratopiuni 06000B1). [loOyBaHHS OapBHUKA 3 MTPUPOTHOL

CUPOBUHHU OyJIO JyK€ CKIIAJIHOIO pOoOOTOI, KOTpa BUMarajga OaraTo 4acy.
MucreutrBo cuHbOTO (papOyBaHHS OYJI0 MAIOPO3MOBCIOIKEHUM.

biuspkum poaudem [HAMro (3 XiMIYHOT TOYKH 30py) OyB AHTUYHUUI
(TUpICHKUN) TypHIyp, SIKMA JTOOYBAIM 3 CEPEA3EMHOMOPCHKHUX MOJIIOCKIB
Murexbandaris. 1lypnyp BuKopucTOBYBaiu Jyisi (hapOyBaHHS IOBKY, BOBHU
Ta JIbHSHUX TKaHUH. 3a0apBJICHHS IMyPIypOM BIJI3HAYAIOCh HAA3BUYANHOIO
CTiMKICTIO. PapOyBaIbHUKUA MOJPIOHIOBAIM TLIA MOJIOCKIB, 3MIIIYBIA 3
BOJOIO 1 OTPUMAHHUM PO3YMHOM OOpOOJSIM TKaHWUHY, SIKY BUBILIYBajld Ha
MOBITPI:

AHTHYHUN (TUPIHCHKUI) TypIyp
HaiiOuplmn momMpeHuM 1 BaKJIMBUM YEPBOHUM OapBHUKOM OyB
AnizapuH, KUl 100yBaiM 3 KOpeHIo MapeHu. Ciijl BIA3HAYWUTH, IO CaM
ali3apuH Mae€ >KOBTUH KOJIIp 1 Ja€ YepBOHE 3a0apBIICHHS JIMINE TICIS
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MPOTpaBU TKAHWH COJISIMHM QJIFOMIHIIO. Y JaBHUHY JJISl IbOTO 3aCTOCOBYBAIU
AJIOMIHIEB] TAYHU. 3 COJISIMU 1HILMX METAJIB BiH /A€ IHILI KOJIbOPH.

ooh

Anizapux

AmnizapuH Ta [nauro Oynu HallKpalliMHU pOCIMHHUMU OapBHUKAMMU.

['onoBHuM x0BTUM OapBHUKOM OyB Illadpan. [{ns Burorosienns 1 xr
OapBHUKA MOTP1IOHO OyIio nepepodutu 100 TucsAY KBITOK madpany.

Jleskl KOMaxy TakKoX BHUPOOJIAIOTH OapBHUKHU. 3 J1aBHIX JIaBEH 13
BUCYILIEHUX T1J1 CAMOK KOMax 4epBIisl (KOIIEH1JIb), 10 JKMBE HA TPaB’ IHUCTUX
pociuHax IleHtpanbHoi €Bpornu, J00yBaJiM KOIICHUIbHUN  OapBHUK.
@apOyrounii KOMIIOHEHT KOIIEHUI — KapMiHOBa Kuciora. [Ipupognuit BmicT
KApMIHOBOI KHCJIOTM B EKCTPaKTl 4epBLsl CTaHOBUTH Onu3bko 20%. Llei
OapBHUK BUKOPHCTOBYBAJIM y BEIIMKUX KUIBKOCTAX i1 (hapOyBaHHSI BOBHU 1
IIOBKY Ta JJI BATOTOBJIEHHS YEPBOHOTO YOPHUIIA.

Y nepunii momoBuHi XIX cromTrs 0OaraTto XIMIKIB MPOBOAMIIA
EKCIIEpUMEHTAIbHI pOOOTH 3 NPUPOAHUMHU OapBHUKAMHU, HaMararoyuch
PO3KPUTH CEKPET 1XHBOI OyJOBU. AJie PO iX IITy4YHE BUTOTOBJIEHHS, PO
CHUHTE3 1X HaBITh HE rajaiu. Ajpke B 1€l yac HIYOoro He OyJI0 BiJOMO HI IIPO
iX ckmajg, Hi npo OyaoBy. LI pedoBHHM 3MINIYyBaldW 3 1HIIMMHU CIOJYKaMH,
MIJaBalyd il KUCJIOT 1 JIyriB, HarpiBajid, NEperaHsuid, Hamararoyuch
JI3HATUCS K BOHHM OYJIyTh MOBOJUTHUCS B MEBHUX peakuisX. XIMIKIB MaHUJIO
HEBIJIOME.

Himenpbkuii BueHui PyHre 3ailMaBcst 1OCIIKEHHSIM KaM’ STHOBYT1JIbHOI
CMOJIM, BEJIMKI KUIBKOCTI SIKOi HarpomajKyBajucs Ha 3aBOJlax y Ipolleci
OTPUMAaHHS CBITWJIBHOTO Ta3y. BHKOpUCTaHHS 1bHOro HENOTPIOHOTO
npoaykty Oyno O Ayxe BUTIAHUM sl XIMIYHHX (aOpuk. PyHre Bpanocs
BUJIUTUTU 31 CMOJIM CIOJIYKY, KOTpa MiJ 4Yac peakiii 3 XJOPHUM BallHOM
naBajia mpekpacHy ¢iosneroBy (apOy. BiH Ha3BaB 110 peHOBHUHY KIAaHOJIOM.

Yepes nekinbka pokiB y IlerepOyp3i F0.®.Dpimr npoBoauB A0CHIIA 3
1HIMTO, JIIF0YM Ha HBOTO IAKUM KajieM. [lin yac HacCTymHOI MEPEroHKH BIH
TaKOK OTPUMaB HOBY PEUOBUHY, KOTPY Ha3BaB aHUIIH. L{e MUJI03ByUYHE CIOBO
MIIUIO BijJ ICMaHChKOl Ha3Bu 1HauUro (anil-cunii). Y mnel camuil 4ac
npodpecop H.H. 3iHIH BiAHOBJIEHHSM HITPOOECH3E€HY OTPHUMAaB PEUYOBHUHY,
KOTPY Ha3BaB OCH3UIaMOM.

Aki 6 uikaBi He Oy LI pOOOTH, BOHU SIBJISLIA COOOI0 YMCTO HAayKOBI
JOCSITHEHHS, 3HAIM MpO HUX Ayxe Mano oaed. Hixto B 1med yac 1 He
I11JI03PIOBAB, Ky BOXXJIMBY POJIb B HEJAIEKOMY MalOyTHBOMY 31rpa€ aHUIIH, 1
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AK PO3BUTOK XIMIYHOI POMUCIIOBOCTI y ApyTii nosoBuHi XIX cromitrs Oyne
3aJIeXKaTH BiJI LI1€T HE3aMIHHOI CTIOJTYKH.

Himenpkuii ByeHuid I'odpman cBoiMM poOOTaMM JIOBiB, IO KiaHOJI,
aHUIIH 1 O€H3UAaM — PEYOBHHHM 1IEHTUYHI 1 BUOpaB IS L€ CIIOIYKH HA3BY —
aHumiH. 1856 poky acucreHnt npodecopa I'opmana Ilepkin g01aB 10 aHUTIHY
Cylb(aTHy KUCIOTY, JEKIIbKa KPUCTAIIB JUXPOMATY KaJilo 1 HArpiB CYMIILL.
YTBOpUiacs TeMHa Maca, KOTpa y BHNAJKy PO3YMHEHHS Yy BOJl JlaBaJia
sckpaBo-(ioseToBe 3abapmiicHHs. lle OyB HOBuMl OapBHHUK (AHUIIHOBUI
nypiyp), sikuil Ilepkin HazBaB MoBEiHOM, 110 TOXOAUTH BiJl (PPAHIY3bKOIO
CJIOBa mavve — KOJIp YepBOHOI MaibBU. bapBHUK OyB CBITJIO- 1 BOAOCTIMKNM,
noobpe 3adapOoByBaB BOBHY, IIIOBK 1 0OaBOBHY II0 TaHIHOBIH NpOTpaBi.
26 cepnHs 1856 poky IlepkiH B3sIB MaTeHT Ha NEPIIMNA CUHTETUYHHI
OapBHUK.

[lepkiH TMOKJIaB MOYAaTOK MPOMHUCIOBOCTI aHUIIHOBUX OapBHUKIB. BiH
CUHTE3YBAaB IEPIIUI 3 HUX 1 BATOTOBUB MOro y BUpoOHMYUX yMoBax. Lle OyB
BEJIMYE3HUI yCIiX, KOTPU IPUBEPHYB 3arajibHy yBary J0 aHUIiHY. A Tak K
OUIBIIICTh HOBUX CHUHTETHMYHHUX OapBHUKIB OYyJO OTPUMAHO came€ 3 HbOrO,
BOHM OTpUMAaJIM HA3BYy AHUIIHOBUX OapBHUKIB, a MPOMHCIOBICTh, fKa iX
BUITYCKaJIa, aHLJIIHOBOIO.

OKHUCHEHHSIM TEXHIYHOrO aHIIIHY, KMl MICTUB JIOMIIIKHA TOJYiAUHIB,
OyJ0 BIIKpPUTO cnocid cuHTE3y IpekpacHoro OapBHHKa — Dykcuny,
OKHMCHEHHSIM aHUIIHY, O-TOJYyiIuHy 1 n-tonyineHaiaminy — Cadpaniny.
[HIIMM BaXIMBUM OApBHUKOM OYB AHUIIHOBHI 4YOpHUH, BiAKpuUTUH 1863
poky. BiH sBisie co0or0 cymim 0ararbOX pPEYOBUH 1 YTBOPIOETHCA
Oe3nocepelHLO Ha BOJOKHI IMIJI Yac OKUCHEHHA aHUmHy. [[ns uporo B
nporect ¢gapOyBaHHS BOJOKHO IIPOCOUYYIOTh CULIO aHUIIHY 1 TOTIM
MPOBOJSThH OKUCHEHHS; YTBOPEHHN MpU LbOMY OapBHHUK OCAIKYETHCA
BCEpEIMHI BOJIOKHA 1 TUM CaMHUM 3a0e3leuye BUCOKY CTIUKICTh 3a0apBJICHHS
710 BOJIOTUX OOpOOOK.

VY 1856 p. BinbsMcoM HarpiBarouM TEXHIYHUW XIHOJIH, SIKMM MICTUB
JOMIIIKA 4-METUIIXIHOJIIHY, 3 130MEHTHWIAOAUAOM 1 JIyTOM OTPUMaB CHUHIN
OapBHUK. bapBHuK oTprmaB Ha3By LliaHiH:

I~
/ —
HMCS_IJ{I \_CH=2 N_CSHII

Ile OyB mepiuii NOJIIMETUHOBUI OapBHUK.
[Tepira xBUJISI TOCIIKEHb peakKilii A1a30TyBaHHs Oepe CBid MOYaTOK B
MapOyp3i, ae B 1858 p. I'picc orpumaB 3pa3ok /11a30TOBAHOI MIKPaMIHOBOL
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KHUCJIOTM 1 BCTAHOBUB, IO PEYOBHMHA HAJICKUTH JO HEBIJOMOI Ha TOM Hac
IpyINy XIMIYHUX CHOJYK.

Panimie Oynu pAesiki BIAOMOCTI TPO IO HITPUTHOI KHUCIOTH Ha
aMiHOTpyny 1 OyJo BIOMO, IO aMiHOOEH30MHA KUCJIOTa Mif AI€I0 TEIIOro
PO3YMHY HITPUTHOI KUCJIOTH MOXKE OyTH MEepEeTBOPEHA Ha T1IPOKCUOCH30MHY
KHUCJIOTY 1, IPYHTYIOUUCh Ha LIbOMY criocTepexxeHH1, Konb0e Bucynys I'piccy
MNPUIYIIEHHS, 110 MIKpaMiHOBAa KHCJIOTa MOXK€ OyTH NOAIOHMM YHWHOM
nepeBe/iecHa B 11 rigpokcumnoxiane. ['picc, mpore, Aemo 3MIHMB YMOBHU
JOCJTIAY, 3aCTOCYBABIIH JI1F0 HITPUTHOI KUCJIOTH B OXOJIOKEHOMY PO3YHHI, 1
OTpUMaB TAKUM YHHOM PEYOBHHY, III0 HE BOJIOA1JIA XKOJHOIO 3 BIACTUBOCTEU
OUYIKYBaHOI HUM CIIOJYKH; JIFOYM HITPUTHOIO KUCJIOTOIO 32 THX K€ YMOB Ha
1HIIl aMiHM, BIH TIEPEKOHABCA, IO BIIKPUTA HUM pEAKI[isl Ma€ 3arajbHe
3Ha4yeHHs. ['picc mpumyckaB, IO MOIMEPEIH] TOCITITHUKH HE OTpUMAaU
BIJIKDUTUX HUM HOBUX PEYOBUH BHACHIJOK TOro, IO MPOBOAWIN CBOI
JOCIIAU Y BOAHUX PO3YMHAX, TOJI1 SIK BIH 3aCTOCOBYBAB SIK pO3UMHHUK CIUPT,
3aBJIIKM YOMY BJIAJIOCS] BUJIUIUTH J11a30CTIOIYKH B KPUCTAIIYHOMY CTaHI .

I'picc Ha3BaB BIAKPUTI HUM HOBI CIIOJIYKH Ha3By 'miazocnoiiykamu'
OCKUTbKM BBa)XKaB, 110 BOHHM YTBOPIOIOTHCA INLISAXOM 3aMiHU JBOX aTOMiB
TIAPOIreHy, MO0 BXOJATh A0 CKJIaQy TOrO0 apoOMAaTHYHOrO paJuvKaia, JIBOMa
aTOMaMU HITPOIEHY.

[lepmum a300apBHUKOM, KOTpU MaB yclix Ha puHKY OyB bicMapk
KopuuHeBuid. Bigkputuii Mapuiycom 1863 poky bicmapk KOpuyHeBuUld SIBISIB
co0or0 cymim OapBHUKIB, OTpUMaHUX IiJ 4Yac [1a30TyBaHHSI M-
(eHUTEeHIIaMIHY:

+ )R
ArNH, + NaNO, + HC1= ArN2+X_ /N _@ R

N
R = OH, NR,

bicmapk kopuuHeBHit

VY 1869 pomi Ha 3acijaHHI HIMEIBKOTO XIMIYHOIO TOBapucTBa ['pebe
MIPOJAEMOHCTPYBaB AJli3apuH, a HE3a0apOM CUHTETUYHUN AJTi3apyH BUTICHUB
npupoaHiid. Ille B 1865 poui baitep nmoyaB poOoTu Haj cuHTe30M I[HauUrO.
Yepes 15 pokiB oMy Baanocsi BCTAaHOBUTH OyA0BY IHIUIO 1 CHHTE3yBaTu
noro. Ane 6apBHUK OyB poporui 1 aumie B 1897 poril BUHIIOB y MPOAAKX.

Y 1875 poui [nia30TyBaHHSIM aHUIIHY 1 CIOJIYYEHHSM OTPUMAaHO1
I1a30CnoNyKu 3 m-peHinenaiaminom Kapo cuHTe3yBaB nepiinii a300apBHUK
JUTsl BOBHU — XPHU301AHH, SIKU BUKOPUCTOBYIOTh 1 CHOTOJTHI.
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NH,
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XpuzoiguH
Y 1880 pomi Pin, T'omimeir 1 Conc orpumanu Ilapa-uepBoHuid
0e3rnocepeIHLO Ha BOJIOKHI, K€ IMONEPEAHBO MPOCOYMIN 2-HAPTOJIOM IijT

4yac a30CHOIy4eHHs 3 4-HITPOOCH3EHA1a30H1€EM.
OH

Nx
[Tapa-uepBoHHMi

A depe3 kuibka pokiB ¢ipmoro Read, Holliday and Sons 06yB po3pobiienuit
CIoci0 Tak 3BaHOr0 XOJOAHOro (abo JboasHOro) (apOyBaHHS, 3a SIKOTO
TKaHUHY MIPOCOYYIOTh a30CKJIaJI0BOIO, a OTIM J0J1al0Th
CUJIbHOOXOJIO/DKEHUM PpO3YMH COJIl J1a30HII0; YTBOPEHUH B pe3yjbTarTl
peakiiii 0apBHUK OCAKYETHCS O€3M0CEePEIHbO BCEPEAMHI TKAHWHH.

BusiBuiocs, 110 3a 10MOMOIror0 HE3HAYHUX 3MiH BUXIJTHUX PEUOBHH 1
METOAy iX OOpOOKM MOXHa OTpUMAaTd MNAIITPy OapBHUKIB, KOTpPl MarOTh
HaJI3BUYANHY CBITJIOCTIUKICTD.

VY 1884 pomi berrirepom OyB orpumanuii Konro uepBonwmii (3apa3s
BUKOPUCTOBYETHCSA K 1HIMKATOP) A1a30TyBaHHSAM OCH3UAMHY 1 CIIOTYUYECHHSIM
0ic-mia30Hi€BOI coil 3 2 Moub l-amiHOHadTaneH-4-cylb(POHOBOI KUCIOTH.
Konro wuyepBoHuii OyB mnepumiM OapBHUKOM, SKHA Oe3locepeaHbo
3aapOoOByBaB 11€J1t0J103y (OapBHUKH, 1[0 MalTh CIOPITHEHICTh J0
LEJTI0JI03U, HA3UBAKOTHCS IPSIMUMU a00 CyOCTAaHTUBHHUMM ).

B O
N=N N=N

SO;H SO;H

KoHro uepBonnit

Y 1891 pomi T'opmanom OyB cuHTe30BaHU KHCIOTHHI CHHBO-
YOpPHUU, IKUH 1 3apa3 MUPOKO BUKOPUCTOBYETHCS i papOyBaHHS BOBHU:
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O,N
H,N OH
N=N N=N

HO5S SO;H
KucnorHuii cnHbO-40pHUI

MertasioBmicHI OapBHUKHM ckiaay 1:1 Bmepiie Oysno BumyiieHo y 1919
poii, a ckiaay 2:1 1930 poky.

Ines cuHTe3y OapBHUKIB, fKI O YTBOPIOBaJIM XIMIYHUN 3B’A30K 3
BOJIOKHOM, BUHUKIA e 1895 poky, komu Kpoc 1 BiBen 3anpononysaiu
BUKOPHUCTATH PEAKIIIO ecTepuikallii ;Ui CUHTE3Yy €CTEPIB 3 I'JIPOKCUIBHOIO
IPYNOK 1EM0iI03u. Ale TiIbku 4epe3 50 pokiB Oyj0 BUMNYIIEHO MEpII
aKTUBHI OapBHUKM Ha 0a3l TpuUXJOpOLiaHypy, JABa 3 SKUX OyiH
a30CIOIyKaMHu:

CH;
NH~_Ng - Cl
Y
N=N ¥
Cl
SO;H
[Ipomion xoBTHI R
Cl

N=(
HO NH— N
— N {
N=N Cl
HO;S SO;H
[IpouioH sickpaBo-uepBoHuil 5B

KinbKkicTh CHHTETMYHHMX OAapBHHUKIB, BIJOMHX B Hall 4Yac, HEO30pa.
XIMIKHM BIJIKpMBAIOTh BCE HOBI 1 HOBIi (hapOyroyl CrONyKH, ajie He OaraTo 3
HUX 3HaxXOoJATh MPOMHCIOBE 3actocyBaHHs. [loTpiOHO, MO0 OapBHUK HE
TUIbKU J00pe JIsiraB Ha BOJIOKHO, aJie 1 MaB BUCOKY CBITJIO- 1 BOJIOCTIMKICTD,
CTIMKICTh 10 MOTY, XIMIYHOI YUCTKH, CyXOT'O Ta MOKpPOI'O TEPTS, a KPIM TOTO
OyB OM 111€ 1 ACIICBUM.

HartypaibHi OGapBHUKH, KOTP1 BHUKOPUCTOBYBAJIUCSA CTO POKIB TOMY,
ChOTOJIHI BXE€ HE BIAIIPalOTh MPAKTUYHOI poii. XiMiYHA MPOMUCIOBICTh
MPOAYKYE JajeKo pI3HOOApBHINII 1 JemeBlIl OapBHUKH, HIK CTBOPIOE
pUPOJIA.

Opraniuni 0apBHUKH 32 00’€MOM BUPOOHHUIITBA MEPEBAXKAIOTH MailKe
BC1 1HII1 BUAW XIMIYHOI OpoayKuii. JIJist HUX XapakTepHa 0araro4ucenbHICTh
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1 PI3HOMAHITHICTh ACOPTUMEHTY, MAJOTOHAXKHICTh OUIBIIOCTI 3 HHX,
0aratocTaJiiHICTh CUHTE3Y, YacTe OOHOBJIEHHS aCOPTUMEHTY, IO OB’ A3aHe
3 HOSIBOIO HOBUX BOJIOKOH, ITIIBUIIIEHHSIM BHUMOT JIO SKOCTI1 1 3MIHOIO MOJIH Ta
CMaKiB CIIO>)KMBayva.

MarepianbHuii 1HAEKC BHUPOOHUITBA OapBHUKIB ckiagae 10-20T, a
HaOuIhII ckaagauXx 1 HANX — 160-170 1. Beg 111 Benmmue3Ha maca BUX1THUX
PEYOBUH TMOBHHHA MPONTH BEJIMKY KUIBKICTh CKJIAJHUX Y XIMIYHOMY 1
PI3HOMAHITHUX Y TEXHOJIOTIYHOMY BIJIHOILIEHHI CTajiil, Mepll HIX BOHA
MEPETBOPUTHCS Y TOTOBUI MPOAYKT. He BUNagKoBO BUPOOHUIITBO OapBHUKIB
Ha MeX1 XX CTOJITTS Ha3UBAIM “BIHIIEM XiMIi~, a B cepelinHl XX CTOJITTS
CTaBWJIM Ha OJIHE 3 MEPIIMX MICLb cepel] MOKa3HHUKIB HAYKOBO-TEXHIYHOTO
MOTEHIIATy JIEPKABH.

Exonomiunuii gorosip mix Pocieto 1 Himeuunnoro 1894 poky naBaB
neBH1 npedepeniiii Himeuuuni, ane micis MoYyaTKy IEpIIoi CBITOBOI BIMHHU
Pocis BusiBunace 0e3 XiMiuHOI mnpoMucioBocTi. Y 1914 pomi Oyno
OpraHI30BaHO AaKI[IOHEpHE TOBApUCTBO ‘‘Pycko-kpacka” 3a paxyHOK
OENBriChbKOro Karitainy, sKe OpraHizyBajlo BHPOOHUUTBO B PyOixHOMY
(cyuacHa Jlyranceka o6sacth). Ile Oymo mepmie  miAIPUEMCTBO
MIPOMUCIIOBOCTI aHUTIHOBUX OapBHUKIB HA TEPUTOPIL Y KpaiHH.

1.2. Kinacudikauia 6apBHHKIB

Jlnst OapBHUKIB TPUHHATI JBI CUCTEMHU Kiacu@ikamii: XIMidHa 1
TexHIYyHa. XiMiyHa Kjacu(ikallsg I'PYHTYETbCS Ha OCOOJIMBOCTSAX XIMIYHOI
OyJ10BM OapBHUKIB 1 BUILISAE IECSITh OCHOBHUX KJIACIB:

1. HiTpo- 1 HITp0300apBHUKHY,;

2. A300apBHUKHU;

3. ApunmeTaHoB1 OapBHUKY;

4. X1HOHIMIHOB1 OapBHUKH,;

5.Cipuucrti OapBHUKHY,;

6. [HAMTOIAH1 Ta TIOIHAUTOIHI OAPBHUKY,

7. AHTpaxiHOHOB1 OApBHUKHU;

8. IlonmiuukaiyHi KyOOB1 OApBHUKH;

9. ®TanoiiaHIHOBI OApPBHUKHU;

10. IloniMeTHHOBI 1 A30METUHOBI OAPBHUKH.

Jlo OapBHUKIB BIJHOCATh ONTHUYHI BIiJOUIIOIOYM — PEUYOBUHH, SKI
HaJal0Th OUTU3HY PIIKUM MaTepianam.

Texniuna knacu@ikalis I[pyHTYe€ThCS HA BJACTUBOCTAX OApBHUKIB Ta iX
BIIHOIIICHHIO JI0 MaTepialiB, sKi 3a(apOOBYIOTh.

. Bonopo3unHH1 OapBHUKH:
1. Kucnorni OapBHUKH. J[0 1bOro Kilacy HajlexaTb BOJOPO3YMHHI

COJIl OpraHiYHUX KHUCJIOT. Y BOJHUX pPO3UYMHAX KHUCJIOTHI OapBHHUKHU
JIMCOLIIIOIOTh 3 YTBOPEHHSIM 3a0apBJICHOI0 aHIOHA, /10 CKJIay SIKOTO BXOJIUTh
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azorpymna. KaTioHom, sIK MpaBwiiO, BUCTYNA€ 10H HATPIIO, 3HAYHO PIJIIE,
Kamio abo amoHito. OpraHiyHOI KHUCIOTOK € a30MOXI1JHI CyJIb(OHOBHX
KUCJIOT, pifiie, KapOOHOBUX KHUCJIOT. BoJIOAIIOTH CHOPIAHEHHICTIO 10
BOJIOKHA, IKE€ Mae aM(pOTepHU XapakTep (OJIKOBI 1 CHHTETUYHI MOJI1aMIJIH1),
3natHi 3aapOOBYBaTH MOr0 3 BOJHUX PO3YMHIB Yy KHUCJIOMY CEPEIOBMIIIL.
bapBHUK (iKCyeThCS Ha BOJIOKHI 32 paXyHOK YTBOPEHHSI COJIl 3 aMIHOTPYIIOIO
BOJIOKHA.

llpsami  6apsnuxu. Jlo 1bOro Kiacy KJIacy HaJIeKaTh KUCJIOTHI
OapBHUKH, SIKI JOJIATKOBO BOJIOJIIOTH CYOCTaHTHMBHICTIO (CIIOPIAHEHHICTIO)
710 1I€JIFOJIO3HOTO BOJIOKHA (0aBOBHA, JIbOH, CHHTETHYHI BOJIOKHA Ha OCHOBI
LEJI0JIO3U:  BICKO3a, MIJHOAMOHIAYHI BOJIOKHA Ta 1HINI) 1 3JaTHI
3a(apOOBYBAaTH TaKl BOJIOKHA 3 BOJHOIO PO3YHMHY, Kpalle y HPUCYTHOCTI
HeopraniyHoi coui. bapBHUK (PIKCYEThCS Ha BOJOKHI 3a PaXyHOK YTBOPEHHS
BOJIHEBUX 3B’sI3K1B 1 cuil Ban-nep-Baasnbca.

IIpompasni 6apenuku. J10 1pOTO KJIaCy HaJeXaTh KUCIOTHI OapBHUKH,
AKl MICTSTh TPYNH, IO 3JaTHI JIETKO YTBOPIOBATH KOMIUIEKCH 3 METallaMu
oesnocepeaHbo mija 4yac (gapOyBanHs. 3aTHI 3adapOoByBaTH MOMNEPEIHBO
00pOOJIeH1 COMSIMUA METaIB 1EI0JI03H1 TKAaHUHU (TTPOTpaBHI Jjisi OAaBOBHM) 1
O1IKOBI BOJIOKHa (XpOMOBi OapBHUKH). bapBHUK (IKCYeThCs Ha BOJOKHI 3a
PaxyHOK KOOPJMHAILIIHOTO 3B’SI3Ky OapBHUK-METAN-BOJIOKHO, XPOMOBI
J0JIATKOBO 32 PaXyHOK 10HHUX CHJI.

Axmueni 6apenuxu. Croayd BXOJSATb KUCIOTHI OapBHUKH, II0 MICTATH
aKTHBHI TpYIH, 3@ PAXYHOK SIKUX YTBOPIOIOTHCA KOBAJEHTHI 3B’SI3KU
MOJIEKYJIM OapBHUKA 3 BOJOKHOM. 3aJIeKHO BiJ XapakTepy aKTHBHOI IpyId
3naTH1 3adapOoByBaTH 1IEJIIOJIO3HI, OUIKOBI Ta JCSKI CUHTETHYHI BOJIOKHA.
bapBHuk (ikCcyeThCS Ha BOJIOKHI 32 PaxyHOK YTBOPEHHS KOBAJICHTHHUX
3B’SI3KIB. 3aJIeKHO B1J TeMIiieparypu (apOyBaHHS pPO3PI3HAIOTH OAPBHUKU
XO0JIOJTHOT'0, TETIOrO Ta rapsdoro ¢papOoyBaHHs.

Anionni 6apenuxu. Jlo 1BOro Kjacy HajeXaTb KHUCJIOTHI 1 MpsiMi
OapBHUKH, sIKI HalOUIbII mpuaaTHl s ¢GapOyBaHHS Kipu. DaKTUYHO
JaHUM Kiac OapBHUKIB HE ABJISIE COOOI0 OKpPEMY TPyIy, a BUAUISETHCS IS
3pY4YHOCTI CIIOKUBAYIB.

2. OcHOBHI OapBHUKH. /[0 LBOrO Kiacy HallekaTh BOJOPO3YMHHI
COJII OPraHIYHUX OCHOB. Y BOJHHUX PO3YMHAX JUCOLIIOIOTH 3 YTBOPEHHSIM
3a0apBIICHOTO KAaTIOHY, IO MICTUTh a3zorpyny. KoMmmeHcyrouuMm areHtoMm
BUCTYMAlOTh  XJIOPUA-, TiApocyibdar- 1  OKcajaT-aHIOHHW.  3JIaTHi
3aapOOBYyBaTH BOJIOKHA, SIKI MaioTh amM(poTepHU a00 KUCIUM (alerarHi,
CUHTETUYHI TOJIECTEpHl, MOMIAKPWIOHITPUIIBHI) XapakTep. bapBHUK
(pIKCyeThCsl HAa BOJIOKHI 32 PAaxXyHOK YTBOPEHHS 10HMX 3B’SI3KIB. bapBHUKH
HalOIbII mpujaTHi sl (papOyBaHHA MOMIAKPUIIOHITPUIBHUX BOJIOKOH
BUJIJIEHI B OKpEMY TpYIly ITiJI Ha3BOIO KAaTIOHHMX. 31aTHI 3adapOoByBaTH
1[EJIF0JIO3H1 BOJIOKHA 32 TaH1JHOIO MPOTPABOIO.
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3. POo34MHHI TOX1JH1 BOJAOHEPO3YMHHUX OapBHUKIB. [0 1IbOTO KJlacy
HaJeXaThb OTPMMAHI MEBHUMHM METOJAaMU PO3YMHHI IMOXIJHI HEPO3UYUMHHHX
OapBHUKIB. Po3unHHI opMH MalOTh BCi XapaKTEPUCTUKH BOJOPO3UYMHHHX
O0apBHUKIB (KHUCJIOTHHUX, MPSIMUX, OCHOBHMX), ajie¢ IMICJIsI HAHECEHHS Ha
BOJIOKHO IIiJI JI€I0 MEBHUX YWHHUKIB BTpavyarOTh TPYNH, IO TUMYACOBO
HaJaBaJId M PO3YMHHOCTI, 1 MEPETBOPIOIOTHCSA Y BOJOHEPO3UMHHI BHXIJIHI
OapBHUKH. bDapBHUK yTpUMYEThCS Ha BOJIOKHI  BHACHIIJIOK  HOTO
HEPO3UYUHHOCTI.

Kyb6osi 6apenuxu — nepen hapOyBaHHSM BiTHOBIIOIOTH Ai€l0 Na,S,0y4
y JICMKOCHOJIYKH, SIKI PO3YMHHI Y BOJ1 ¥ ajcOpOyIOThCA IEIHOJI03HUMU
BOJIOKHAMH, IOTIM y pa3l OKUCHEHHS TMOBITPSAM y MOpax BOJIOKHA 3HOBY
YTBOPIOIOTHCSI BUX1JIHI HEPO3UMHHI CITOJIYKH.

Cipuucmi (cyavghioni) 6apenuxu HEPO3UMHHI, iX nepen (hapOyBaHHSIM
BIJIHOBJIIOIOTH Y JIEMKOCIIOJIYKH CyJb(])1A0M HaTpito. PO3UMHHI JIEHKOCTIONYKHU
a7copOYIOTHCS 1IETI0JIO3HUMU BOJIOKHAMH, TOTIM I11J1 YaC OKUCHEHHSI KHCHEM
MOBITPS B MOpPax BOJIOKHA 3HOBY YTBOPIOIOTHCA HEPO3UMHHI y BOJIl CIPUYHUCTI
OapBHUKMU.

[I.bapBHUKM HEPO3UHUHHI Y BOJI:

1. ducnepcHi 6apBHUKHU. /[0 1IbOTO KJ1acy HajJIekaTh HEPO3ZUMHHI 200
MaJIOpO3UMHHI OapBHMKHU, 374aTHI 3adapOoByBaTu TiApodoOHI BOJOKHA 3
BojHUX Auctepcii. [Iponec hapOyBaHHs mossirae B pO3UMHEHH1 OapBHUKA Y
BOJIOKHI 3 YTBOPEHHSIM TBEPAUX PO3UMHIB. J[Jis YyCHIIIHOTO MPOHUKHEHHS Y
BOJIOKHO, Takl OapBHUKH JUCIEPIrYIOTh A0 BEJIWYMHU YAaCTUHOK (,2-2 MKM.
BukopucroByrote  mist  ¢apOyBaHHS ~ aleTaTHOro,  mnojiedipHoro,
MOJTI BIHUIXJIOPUAHOT O, TOJIIPOMIIJIEHOBOI'O BOJIOKOH.

2. IlirmMeHTH Ta Jiaku. 1o Oro Kiacy HajleaThb HEPO3UMHHI Y BOJI
OapBHUKH (IMITMEHTH) a00 HEPO3UYMHHI MOXIJHI BOJOPO3UYMHHHUX OapBHUKIB
(;makm). 3patHi 3adapOoByBaTM TKAHMHM MiJ Yac MITMEHTHOTO JPYKY
(bapOyBaHHSI HaHECEHHSIM IMacTH OapBHUKA 1 3B’SA3yIOUOTO arcHTa).
BuxopucroByroTbees 115 apOyBaHHS T'yMH, MAIepy, MIacTMac 1 OJIiBIIB.

3. BonoHepo3urHHI OApBHUKH YTBOPIOIOTHCS OE3MOCEPEAHBO Ha
BOJIOKHI. BuUITyCKarOTbCsl y BUIJISJII HaIIBOPOIYKTIB, Kl 3[aTHI BCTyHaTH
MK COOOI0 B PEaKIito MiJl JI€I0 MEBHUX YMHHUKIB 1 YTBOPIOBAaTH OApBHUKU
0e3rnocepeIHbO Ha BOJIOKHI (T.3. X0JIOAHE a00 Jh0/10Be (papOyBaHHS).

[11.bapBHUKM PO3YMHHI B OPTraHIYHUX POSYMHHUKAX:

Jlo 1uporo kjacy HajexaTb OapBHHKH, SIKI JIETKO PO3UYMHSIIOTHCS Y
BIJINIOBIIHOMY OPraHIYHOMY CEpEIOBHUII (Al€TOHI, CHOUPTI, >KHP1 TOULIO).
BuxopucroBytotbcsa st (papOyBaHHsS BYTJ€BOAIB (O€H3MH, OJIMBH), BOCKY,
IJIacTMac, T'yMH, CHHTETUYHUX BOJIOKOH 3 1X PO3ILIABIB.
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1.3. HomenkiaTypa 0apBHHMKIB

[pyuTyrounch Ha TexHiuHid knacudikamii  Oyaa  pospobiieHa
panioHajdbHa HOMEHKJIaTypa OapBHUKIB. Y HallMEHyBaHHI OapBHUKA MEpIle
CJIOBO BKa3yBajl0 Ha MPHUHAJIEKHICTh 0 NeBHO rpynu: Kucnoruuii, [Ipsamuit,
[IporpaBuuii (Xpomosuii), AktuBHuid, OcHoBHul (Karionuuit), IlirmeHr,
Jlax, JucnepcHuid, ALIETOHOPO3YHHHUH, CnupTOpO34YNHHUM,
XKupopozunnnuii. J[pyre ciioBo y Ha3Bl OapBHUMKa BKa3yBajo Ha KOJIIp
3a0apBIICHHS, SIK€ BIH HAJa€ IMEBHOMY Mareplaiy: >KOBTHM, OpaH)XEBUU,
YepBOHUM, pyOIHOBH, OOpa0, (IOJETOBUM, TONyOMH, CHHIN, 3€JICHUI,
KOPUYHEBUH, Cipui, 4YOopHUM 1 T.1. [logaTKOBO 10 Ipyroro ciioBa Mir OyTu
MPUCITIBHUK, KWW YTOYHIOBaB XAPAKTEPUCTHKY KOJIbOPY: YUCTO-, TEMHO-,
SCKpaBO-, CBITJIO-, TJIMOOKO-. Ilicisi Ha3BM KOJIbOPY B JEAKHUX BHUITAJIKAX
MOIJIM JI0JIaBaTUCS CJIOBA, 10 BKa3yBAJIM Ha MEBHI BJIACTUBOCTI OapBHUKA:
CTIMKWW, CBITJIOCTIMKUM. JIJist yTOuHEHHs 3a0apBJICHHS  BBOJMJIUCS
Mo3Ha4YeHHs OyKBaMM, SIKI BKa3yBaJld Ha BIATIHOK KOJbOpy OapBHHMKA: O -
OCHOBHMM BIATIHOK, XK - sxoBTUH, Y - yepBoHuii, C - cuHid, 3 - 3emeHuil. Y
BUMAJKYy IMIIOPTHUX OapBHUKIB BXUBAIOTHCS TOXIJHI Bl HIMEIBKUX
BKa31BOK Ha BIATIHOK OapBHUKA: G - )k0oBTHM, R - yepBoHuid, B - cuniit. ¥
pa3i 30UIbIIEHHS BIAXWICHHS B1J] OCHOBHOI'O KOJIbOPY BBOAWJIMCA LU(PPOBI
nmo3HadyeHHs 2, 4, 5 1 T.1., sIKI BKa3yBaJld Ha CTYIIHb BIJAXWJICHHS. [HOMI B
Ha3By OapBHUKa BXOJATH CIIOBA, 10 BKa3yIOTh HAa MOro 3aCTOCYBAHHS: IS
XyTpa, I WIKIpH, s WMIOBKY, 1is 4opHuia. bykea III — nns BOBHU

(mepcti), M — wMeTamokoMiuiekcHu, X — ¢apOye 3a HEBHCOKOI
temneparypu, T — dapOye 3a 60-70°C, I1 — qys mosamigHOrO BOJIOKHA, X —
XPOMOBI.

B ocraHHI JecATWNITTA NIANPUEMCTBA-BUPOOHMKH B Oararbox
BUMAJKAX BUINIUIM BiJ TpaAUIIHHOI"HOMEHKJIATYPH OApBHUKIB 1 MEPEUIIIIH
Ha HOMEHKJIaTypy, 110, y MEpIly 4Yepry BKa3ye Ha MICLIE BHPOOHUIITBA
OapBHUKA. 3’SBHJIACh BEJIMKAa KUIBKICTh ()IPMOBHUX Ha3B OJHMX 1 THX K€
OapBHUKIB. AHAJIOTIYHA CUCTEMA ICHY€ 1 B IIIJIOMY CBITI. [HOA1 HaWOLIbII
MONYJIAPHI OapBHHUKU BHUITYCKAIOTHCS M1J KUIBKOMA JECATKAMU PI3HUX HAa3B.
Hanpuknan, 3-(1,5-nurinpokcu-2-madpTun)-4-riipokcudeHiiaia3zeHuI-
cynb(oHOBa KucnoTa (TpaguuiiHo 2-(1,5-aurigpokcruokcu-2-HadTunazo)-1-
riapokcuOeH3eH-4-cylib(OHOBA KUCIIOTA

OH
HO

HO;S N=N

OH
BUITyCKaeThCcsl M1 Ha3zBamu: XpomoBui yopuuii (CI 9); EpioxpomoBuit

yopaut PV; Anmasnuit dopuui PV; KanbkoxpomoBuit 4yopHuii PV;
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OmeraxpomoBuii yopuuii PV; ITontaxpomoBuii yopuuii PV; IloTiHr yopHuit
PV; Conoxpomosuit wopauu PV; Cynepxpomouit yopauu PV; Xpomosuit
yopHuii ctiikuii PV; XpomoBuii vopumii PV.

Benuka rpyna O0apBHUKIB 30eperyia crapi Ha3BW, Hampukiasa, [Hauro,
Hirpo3suH Toio.

1.4. KoJip sk QizuuHe siBuiie

BiguyTTss KOJIBOpY — 1€ CKIAIHUK pe3yJbTaT MOCIiJOBHOI HU3KHU
(h1310JIOTTYHMX 1 ICUXOJOTTYHUX MPOLECIB, IO MPOXOJATH y pa3l NonagaHHs
CBITJIa Ha CITKIBKY OKa JIIOJMHH. Mu OynemMo BHXOJIWUTU 3 PO3YMIHHS, IO
KOJIIP L€ XapaKTEepUCTHKA NpeIMeTa, SiKa BHU3HAYAEThCA HOro 3HaTHICTIO
MOrIMHATA a00 BIAOMBATH TMPOMIHHS 3 TI€BHOIO JIOBKMHOK XBHJI.
Haromictb, 3a0apBieHHsl — L€ pe3yJabTaT Jili Ha ITPEeAMET PEUOBUH MEBHOIO
KOJIbODY.

CoHile Ta 1HII JpKEpesa CBITJIA BUIIPOMIHIOIOTH XBWJII 3 PI3HUMHU
JOBXKMHAMH, ajieé BI3yallbHO MU copuiiMaeMo ioro sk Oute. Cepen HHX
YMOBHO BUJILJISIIOTH TPU 00JIACTI:

1) 10 KOpPOTKOXBWJILOBOTO TMPOMIHHSI HaJIekKaTh YJIbTpadioiaeToBl
MPOMEHI 3 JOBXKHUHOIO XBWJII MeHIe 380 HM, peHTTeHIBChbKI IPOMEHI, rama-
MIPOMEHI, TOLIO.

2)  Buaume cBiTio — 380-760 uMm. Ile mpomeHi, 10 CIPUUMAIOThCS
JIIOJICBKUM OKOM.

3) 10 JAOBrOXBUJIBLOBOTO MPOMIHHSA HAJIEKUTH 1H(pPAYEpPBOHE CBITIIO
a60 TeroBi xBuii — 760 10 4 -10° HM.

3a 1OMOMOTOI0 TPHOXTPAHHOI MTPU3MHU O1JIe COHSIYHE CBITJIO MOXE OyTH
PO3KJIaJICHE Ha CIEKTPabHI KOJbOPH, KOKHOMY 3 SIKMX BIJINOBIIA€ BY3bKUN
1HTEepBaJ JIOBXKUH XBWJIb. | HaBMaku, SKIIO MOEAHATH MPOMEHI YCIX JTIOBKUH
XBUJIl, MU OTPUMAEMO Ol KOJIip. Y ChOro B COHSIYHOMY ITPOMIHHI JIFOJICHKE
OKO po3pi3Hsie mpuoan3Ho 160 pi3HOMaHITHUX KOJBOPIB Ta iX BIATIHKIB.

IIpenmer 3maeTbcsi OUTMM, KOJIM BiH BiIOMBa€ BCE MPOMIHHS, IO Ha
HbOrO TMajgae. HaroMicTh, SAKIO TpeaMeT NOTJIMHAE BCi IPOMEHI, BIH
3naerbest yopHuM. Cipl TUIa TOTJIMHAIOTh YacTUHY NAJal0yvX IMPOMEHIB,
MPUYOMY BC1 POMEHI CIIEKTPa MOTIMHAIOTHCS PIBHOIO MIPOIO.

[IpomeH1, sKI 3aJUIIAIUCA HE TNOTJIMHYTHUMH, MOMNAJal0oud B OKO,
BUKJIMKAIOTh BIAYYTTS IIEBHOTO KOJIbOpY. [Ipu 11boMy HEOOXIIHO BpaxyBaTH,
10 YYTJMBICTh OKa JI0 PI3HUX IIPOMEHIB CIIEKTPY HEOJIHAKOBA, OKO HANOLIBII
YYyTIUBE J0 3€JEHUX 1 )KOBTUX KOJIbOPIB, a MO Mipi NEPEMIIIEHHS 10 KpalHIX
TOYOK CIEKTPY YYTJIMBICTh OKA 3MEHIITY€ETHCS.

[Ilo6 mpeaMer BUIIIAAAB 3a0apBICHMM MOXJIMBI JBa BapiaHTH: Yy
MepuIoMy BapiaHTI BIH TIOIVIMHAE BCl CBITJIOBI XBWII 3a [EBHUM
BUKJIIOYEHHSIM; @ y APYTOMY BapiaHTl MOTJIMHAETHCS TUIBKU CBITJIO 3 MIEBHOIO
JOBXUHOIO XBUJI1. Jpyruil BapiaHT 3yCTpIYa€eThCcsl 3HAa4HO yacTinie. Tak, mo0
MpeaMeT 371aBaBCsl CMHIM HEOOXIJHO, 100 BIH BIJIOMBaB CHUHI IPOMEHI 3
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noBxkuHO XBUJl 430-480 HM, a00 1100 BiH IMOIVIMHAB OPaHXEBE CBITIIO 3
noBxkuHO XxBuJl 580-600 HM. Y jgaHoMy BHMMOAJKYy CHHIN Kojip Oyje
JIOJIATKOBUM JI0 OpaH>XeBOT0. BiMOBIIHO, SIKIIIO TOEIHATH CUHE 1 OPAHKEBE
CBITJIO, MU OTpuMaemo Oummii komip. Koibopu, skl yTBOPIOIOTH Taki Mapu
Ha3UBalOTh JIONIOBHIOIYUMHU KOJIHOPAMHU.

CsiTII0, SIKE . . ) . Konip.,

MOTJINHAETHCS Bianosigauii komip " .
(noBKiHa XBU B HM) KWW CIIOCTEPIra€ThCs
<415 dioneToBHit 3eleHyBaTO-)KOBTUN
415-430 [nauro-cuHi KosTuin
430-480 Cuniit ITomapanueBui
480-490 3eJIeHyBaTO-CUHIN OpaHxeBO-4epBOHUI
490-510 Cunbo-3e51eHni YepBonui
510-530 3eneHun barpstaui
530-550 ’KostyBaTo-3enennii  Di0Ja€TOBUIM
550-580 KosTuin [nauro-cuHii
580-600 ITomapanueBui Cuniit
600-620 HOMapaHuquo- 3eJIeHyBaTO-CUHIN
YEpBOHUI

620-720 UepBonuii CuHbo-3eneHn
>720 barpsuuit 3eneHun

"JIOBXHMHH XBHJIb € JOCTATHO YMOBHHMH, TAaK SK 3HAYHOIO MipOIO
HaliMEHYBAaHHS KOJIbOPY 3aJIeXkKaTh B1Jl TOUKHU 30py CIIOCTepiraya.

PeanbHo 3a0apBiieH] TiJIa 3a3BUYail MOMIMHAIOTH BC1 IPOMEHI CIIEKTPY,
MpOTE€ OJIHI NPOMEHI CHJbHIIIE, a I1HmI ciadme. JloBkuHA XBWI Ji€
MOTJIMHAHHST HaWOUIbIlle HA3MBAalOTh MAaKCUMyMOM MOTJIUHAHHS (Ayaxc.)-
3MIIIEHHSI MAaKCUMyMy TMOIJIMHAHHA B JIOBTOXBUJIBOBY YAaCTHHY CIIEKTPY
Ha3UMBalOTh  OATOXPOMHUM  3CyBOM  (THOTJMOJIEHHSM  KOJbOPY), V
KOPOTKOXBUJILOBY — TIICOXPOMHUM 3CYBOM (I11JIBUILIEHHS KOJIBOPY).

ko komip TiLMa BU3HAYA€ BEIMYMHA MAKCUMYMY MOTJIMHAHHS, TO
BIITIHOK 3aJICKUTh B1J] 3arajIbHOTO XapakTepy CIeKTpa. SKIIo TII0 MOTJIMHAE
y BY3bKOMY IHTEpBaJi 3HAY€Hb JOBXHH XBHJI, TO TaKl KOJbOPH SICKpPaBi
(ducti). SAKII0 XK TIJIO MAa€ MIUPOKY CMYTY MOTVIMHAHHS — KOJIIP HEACKpaBUM
(HEYUCTHUM, TYIUMN).

MakcumMyM TIOTJIMHAHHS HE OOOB’SI3KOBO TOBUHEH 3HAXOOUTHUCS Y
BUJIMMIN YacCTHHI CIIEKTPY. PE4OBUHU 3 PO3MUTHUM CIIEKTPOM MOXKYTh OyTH
IHTEHCHUBHO 3a0apBJICHI, HE3BAXXKAIOUM HA TE, 110 X MAKCUMYMH MOTJIMHAHHS
JIeKaTh 32 MEKaMH BUIMMOI YACTHHU CIIEKTPY.

[HTEHCUBHICTh KOJBOPY BHU3HAYAETHCS MOJSIPHUM  KOoe(]illleHTOM
CBITJIONOTJIMHAHHS (€), IKUH PO3paxOBYEThCs 3a 3akOHOM byrepa-JlamGepTa-
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bepa. 3HaueHHs MOJSIPHOrO KOE(illl€HTa CBITJIONOTIMHAHHS, SIK MPaBUIIO,
BU3HAYAETHCS Y TOYKAX CHEKTPY 3 MAaKCHUMAJIBHUM CBITJIONOIIMHAHHAM
(Emake.)- 3OUIBIICHHS! THTEHCUBHOCTI MOIJIMHAHHS HA3WBAKOTh TIEPXPOMHUM
e(heKTOM, 3MEHIIEHHS — TIIICOXPOMHUM €()EKTOM.

HasBHICTP KUIBKOX MAaKCHMYMIB TIOTJIMHAHHSA TNPU3BOAUTH 10
MOEHAHHS KOJBbOPIB, @ CYMapHUM KOJIp Ta HMOro BIATIHOK BU3HAYAETHCA
IHTEHCUBHICTIO TOTJIMHAHHS Ha KO)KHOMY MakcuMyMi. Tak, moelHaHHST ABOX
OapBHUKIB 3 CHHIM 1 )KOBTHUM KOJIbOPOM Ja€ 3eJeHuil Koiip. [ns oTpumaHHs
YOPHOT'O KOJBOPY BaXKKO JOCATHYTH IMOIVIMHAHHS BCIX IPOMEHIB; HATOMICTh
MO€THAHHS )KOBTOT'O, YEPBOHOI'O 1 CHHBOT'O JIa€ TIIMOOKUIA YOPHUH KOJIIP.

Konbopu TBep/101 peuOBMHU 1 pO3UMHY I[1€]1 pEYOBUHU HE 000B’A3KOBO
MOBUHHI OyTH OJTHAKOBI, 110 MOB’A3aHO 3 PI3HOIO CTPYKTYPOIO KPUCTATIYHOI
IpaTKy Ta PI3HUM BIUIMBOM MOJIEKYJ PO3YMHHUKA. MOXHaA O4IKyBaTH, W10
OJIHA 1 TA K PEUOBHMHA B PI3HUX PO3UYMHAX MOKE MaTH pi3HE 3a0apBIICHHS.

AHami3  OapBHUKIB  BKJIIOYA€ BHU3HAYEHHS 1X  CHEKTPaJIbHUX
XapaKTEPUCTUK (ONTHUYHOI KOHIIEHTpAIlll 32 CHEKTPAIbHUMH KPUBUMU
noriMHaHHs). Y pasi ¢apOyBaHHs 3a OJHAKOBUX KOHIICHTpAIN OI[IHIOIOTH
YUCTOTY (YMCTOTA OLIHIOETHCS — YMCTIINUK (JI€110, 3HAYHO), OpYyIHIIINI
(Tymimui, MyTHIIIKK)) 1 BIATIHOK (€110, 3HAYHO + >KOBTIIINIA, YEPBOHIIINH,
3€JICHIIINMA, CUHIIMN). 3aKjIloyHa omepamis — BHU3HAUYECHHS I[1OKA3HUKIB
CTIMKOCTI J10 IEBHUX (PI3UKO-XIMIYHUX (PAKTOPIB.

1.5. 3anexHicTb KOJBOPY BiA XiMi4HOI 0y 10BH

Sk BXe BKazyBajocs, JJI TOTO 1100 AEsSKEe TUIO Majo NMEBHUH KOIIp,
BOHO MOBMHHO MOTJIMHYTH MEBHY KUIBKICTh €HEprii, sika Oyze 3aiexaTH Bij
TOTO B1AOWJIO, IPOITYCTUIIO YK TOTJIMHYJIO TUIO CBITJIO 3 IEBHOIO IOBKHUHOIO.
Mu Oyzaemo po3riisiiaTd BapiaHT, KOJM TUIO MOIJIMHYJO CBITJIO 3 TEBHOIO
JIOBKUHOIO XBHJII.

3HaHHS BEJIMYMHU MAaKCUMYMYy TOTJIMHAHHA A€  MOKJIMBICTD
pO3paxyBaTH 3HAYEHHS €HEPTii, 10 MOIVIMHAE TUIO, sIKa BIAMOBIAHO JIs
BKa3aHUX MEX BHUJMMOI YAaCTHUHU CIEKTPY CKiadae 74 KKaI/MOJb (Ayaxc.
380 HM) 1 37 KKaI/MOJIb (Ayaxe. 760 HM). [[71s1 HMOpIBHAHHS MOKHA HaBECTH
3HA4YEHHSI €Heprii 3B’s3Ky, ska cTaHOBUTH sl C-C-3B’s13Ky ~83 KKaji/MOIb,
C-H-38’s3xky ~100 kxan/monb, C-Cl-3B’s13ky ~79 kkan/moinb, C-I-3B’s3Ky
~52 kKkan/Moab (HaBeACHO 3HAYCHHS sl amidaTudyHUX Crnojiyk). ToOTo
€HEpris, SKy MOrJMHYyJa XIMIYHA CIOJIyKa, Y JACSKUX BHIAQJKaX MOXKE
MIPUBECTH JI0 pPyHHYBaHHS IEBHUX MOJIEKYJL.

[lornvHaHHs MOJEKYJIOK KBAaHTa CBITJIA HE MPU3BOJAUTH A0 MPOCTOTO
30UIBILIEHHS 11 TEIJIOBOI €HEPrii, a BUTPAYa€eThCsl HA 30YKEHHS BAJIECHTHOTO
€JIEKTPOHA, 110 CYNPOBO/KYETHCS HOro TMEpPEeXoJ0oM 31 CTallioHapHOL
3B’s3yH04O01 OpOiTaii Ha OpOiTadh 3 OUIBIIOK EHEPri€ro, IO 3BUYANHO €
posnyiryroudoro. Taka 30ykeHa Mojiekyia Mae OOMEXEHUN Yac ICHYBaHHS 1
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MOX€E 3a3HaTH PO3KJIaAy, THMUYACOBOI 130Mepu3allii B CTPYKTYpPY 3 OUIBIIOIO
EHEpTri€lo, MepelaTh HaJUIMIIKOBY €HEpril0 IHIIUM 00’ekTaM  abo
CTaOLII3yBaTUCs LUISXOM BUIIPOMIHIOBAHHS KBAaHTA CBITJIA. BaxiuBum 3
TOYKH 30pY KOJILOPY IMPHU IIbOMY € T€, 1100 €HEpris, SKY TiIO0 MOMVIMHYJIO YU
BUIPOMIHUJIO, BIJNOBIJIaJIa XBWISIM, 110 3HAaXOASAThCS Y BUJAMMINA YacTHHI
CIIEKTpY, a MOJIeKyJia Oyna O 3/1aTHA J10 TOBTOPHUX AKTIB CBITJIOMOTJIMHAHHSI.

XiMI14HI 3B’SI3KA B OPTaHIYHUX CIIOJYKAaX YTBOPIOKOTHCS 3a PAXYHOK G-
Ta T-CJEKTPOHIB. Y TMPOCTUX 3B’SI3KaX OEpyTh ydacThb G-€JIEKTPOHU (O-
3B’S130K), MOJBIKHI 3B’ I3KU YTBOPIOIOTH G- 1 M-€JIEKTPOHHU (G- Ta T-3B SA3KHU).

0-EJIEKTpOHM CHUJIBHO YTPUMYIOTBCS aTOMaMH, Il 1X 30y KeHHs
HEOOX1IHO 3HAayHa EHEepris, sSIKy MaroTh Hailkoporml Y® mpomeHi, a
30yP)KEHUH CTaH Ma€ HE3HAYHUM 4ac iCHyBaHHsA. M-EJeKTpoHHM MOABIMHOIO
3B’SI3KYy OLIBII pyXoMi, 30yKYIOThCS Jieriie, ane Tex Y® npomensmu. s
TOrO 100 MoOJIeKyJia 30y/KyBajacsi BUIUMHUM CBITJIOM HEOOXIJTHO 1100
30y/KeHHUI cTaH OyB BIJIHOCHO CTaOUIbHUMN, TOOTO 1100 eHepris 30y KEeHHS
Oyna He3HayHoro. Tomy Bci  (dakTopu, W10 CHOPUSIOTH CTaOLII3aIll
30yI>KEHOro CTaHy OyAyTh CIIPUATH MOTJIMHAHHIO BUAUMOTO CBITJIA.

Monekyna OeH3eHy, fKa Ma€ TpU CIPSHKEHI MOJABIMHI 3B S3KH,
30YIKYETHCS TIIBKU yIIBTPad10J€TOM CBITIOM (Ma€ MAaKCUMYM MOTJIMHAHHS)
3 IOBXXMHOIO XBWI 255 HM. B1anoBiIHO MU cipUiiMaeMoO PIIKUN OCH3EH SIK
0e30apuuit.  Jlupenun CeHs-CeHs  (Ayaee. 315HM) 1 cTuibOeH
CeHs-(-CH=CH-),-C¢Hs (n = 1) (Ayaxe. 340 HM) Texx Oe30apBHi. Ajie SKIIO
n =3 (Ayae. 340 HM) — crojiyka KOBTO-3€JIEHA, a y CIPSDKEHHI TNpuiiMae
y4acTh 6 CHPSHLKEHUX T-3B’°S13K1B. 301IBIIIEHHS N MPU3BOAUTD 10 MOAAIBIIOTO
noruosieHHs: konbopy. Jis n = 6 (12 copsbkeHuX 7-3B’S3KIB) CHOJIyKa
YEPBOHO-OPAHXKEBA (Ayaxe. 340 HM).

30UIbIIEHHS KIJTBKOCTI aHEJIbOBAaHUX SJEpP TEX MPU3BOAUTH J10
MorIMOJIEHHsT KoJibopy. Tak HadTaneH (I’ATh CHPSIKEHUX 3B S3KIB) 1
antpaueH Cy4H;o (7 3B’s13k1B) — 6e30apBHi, ane HadTaneH CigHy, (9 3B’ s3KiB)
— opamwxkeBui, neHTaieH C,His (11 3B’43k1B) — rosyouit, a rekcarieH CysHyg
(13 3B’s3kiB) — 3eneHui. [lornmbOieHHsS KOJIbOPY 3YMOBJICHE THM, IO
30yI>KEHUH CTaH CTaOUTI3Y€EThCA 3@ Y4acTIO CUCTEMHU CHPSHKEHUX MOABIMHUX
3B’S3KIB 1, BIJNOBIAHO, MOJIEKYyJia IIOIJIMHAE HebaraTte EeHEepri€ro
BUIIPOMIHIOBAHHS.

BBeneHHs B OpraHiyHy MOJIEKYJy 3aMICHHKIB, fKI CTaOUII3yIOTh
30yJIKEHHUI CTaH, MPU3BOJIUTH JO TOTO, 1[0 HABITh 32 HEBEJIUKOrO JIAHIIOTa
CIPSDKEHHSI BIAETHCS OTPUMATHU CIHOJIYKH 3 IIMOOKHM KoJbopoM. Y 1876
poui O.BiTT noscHUB Kodip OapBHUKIB HASIBHICTIO B MOJIEKYJII OCOOJIMBUX
XpoMo(OpHUX Tpyn (Xpoma — KoJip, popeo — HEeCTH, rpeu.) rpym. Birrt
BIJIHIC J10 XpOoMO(OpiB 3aMICHUKH, BBEJICHHSI SIKUX IOTJIMOJIIOE KOJIIP Y PSIAY:
-CH=CH-; >C=0; -CH=N-; -NO,; -N=NO-; -N=0; -N=N-; >C=S. V K0oXHIA
3 TaKUX TPYM € MOHAUMEHIIE OJIUH MOJBIMHUI 3B’ A30K.
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Tak, ananmor ctuiab0eny — azooen3zeH CgHs-N=N-CsHs mae makcumym
norvHaHHs 450 HM 1 CcHOpuUMaeThCs SIK  OPAHXXEBO-)KOBTUM, a y
Ti00eH30eHOHy CsHs-C(S)-CsHs Ayaxe. = 620 HM 1 cHHIM KOTIP.

BiTT BCTaHOBUB, 1110 AESK1 1HII paJUKaId TaKOX BILIMBAIOTh HA KOJIP
cnostyk. L1 rpynu cami o co01 He HaIal0Th KOJIbOPY 0€30apBHIN MOJIEKYIIL,
3HA4YUTh XpOMO(pOpaMH iX BBAKATH HE MOXHA, ajieé BOHU MiACHIIOIOTH KOJIp,
00yMOBJIEHUI XpOMO(DOPHUMH IpyIIaMH, SIK1 BXKE € Yy MoJIeKyJi. BiTT Ha3BaB
Takl Tpymd ayKCOXpoMamMu, TOOTO THUMH, WO MIACHIIOITH KOJIp.
AykcoxpoMHuit xapakrep MaroTb -O-CH; > -OH > -NH; > -NHR > -NR,.

Tak, O,N-C¢H4-N=N-CcH4s-OH — TeMHO-)KOBTHH Ayaee. = 425 HM,
O,;N-C¢H4-N=N-C¢H4-NH, —  KOBTO-4EpPBOHMH  Ayae. = 450 HM,
OzN-C6H4-N:N-C6H4-N(CH3)2 — TCMHO-‘IepBOHI/Iﬁ }\’MaKC. =490 uM.

3HaXOAAYUCh B  JIAHIIOTY  CHOPSDKEHHS — €JIEKTPOHOJOHOPHI  Ta
€JIEKTPOHOAKIENTOPHI TIPYNHd MOJSApU3yIOTh  Mosekyny. [lomspuzanis
MOJIEKYJIM MIABUIIYE PYXJIUBICTh T-€JIEKTPOHIB, CTaOLII3ye 30yHKEHU CTaH
1 BOHM MOTJIMHAIOTh OUIbIN O17H1 €HEPri€l0 JIOBrOXBUJIbOBI MPOMEHI CBITIA,
TOOTO KOJIp pEUOBUHU MOTJIUOIOETHCS.

BaxumBa oco0nuBICTh OyI0BH MOJIEKYJIM OapBHHKIB — PO3TAlTyBaHHS
aToMIB B OJAHIM 1UIomMHI (200 Maibke) — KOMIUIAaHApPHICTh. Y
HEKOMIUICHAHAPHUX MOJIEKYJIaX BIJACYTHE CIPSKEHHS T-CJIEKTPOHIB, TOMY
Takl MOJIEKYJM HE MOXXYTh MaTH TJIMOOKUH Kouip. EneKTpoHOAOHOpHI 1
€JIEKTPOHOAKIENTOPHI 3aMICHUKH Ha PI3HUX KpasxX JIAHLIOTa CHPSDKEHHS, K
MIPaBUJIO, MOTJIMOJIIOIOTE KOJIP 1 MABUIIYIOTh HOTO 1HTEHCHUBHICTb.

[TornuOneHHs: KOJIbOPY CTa€ II€ MOMITHIIIMM y pa3l, KOJW Ha KIHISX
MOJIEKYJIM € KaTlOHM a00 aHIOHM. Tak BBEJCHHS Ha KIHEIb CIPSKEHOI
CUCTEeMHU TOJABIMHMX 3B’A3KIB KapOOH-KapOOH KaTiOHy O€H3T1a30:110
J03BOJISIE CYTTEBO MOTIMOUTH KOJIp, HANPUKJIAJ, HOPIBHIHO 3 MOXIJHUMHU
ctuibOeny. Tak, cucrema

S S
\ /
C=CH— (CH=CH)—Cy
N N
| |
C2H5 C2H5

Bke 11 n=0 mae KOBTUU KOMP (Ayaxe. = 422 HM), BiANOBIAHO I n=1 —
oarpstHuit KoJip (Ayaxe. = 558 HM), n=2 — OMaKUTHUIN KOTIP (Ayaxe, = 650 HM),
n=3 — 3eJIeHUI KOTIP (Ayaxe. = 762 HM),

EnexTpoHHUI CHEKTp MOTJIMHAHHSA AHTPAXIHOHY MICTUTH TPU LIUPOKI
cmyru. Cnabka J1oBroxBuiiboBa cmyra 3a ~410 HM (€. = 60) 00ymMOBIIIOE
0J1110-)KOBTHI KOJIIp aHTPaxXiHOHY.

BBeneHHsT €NeKTPOHOAKLUENTOPHUX 3aMICHHKIB, SK JOIOBHEHHS O
B’K€ HasgBHUX KapOOHUIBHHMX TPYI, HE YUHUTH CYTTEBOTO BILUIUBY, 1 CIEKTPHU
IMX OapBHUKIB CXOXI HAa CHEKTp AaHTpaxiHOHY. EJeKTpoHOI0HOpHI
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3aMICHUKH, HaBIAKH, MOXYTh BHUKIMKATH 3HA4YHY 3MIHY KOJIbOpy. Y
CIEKTPax MOXIAHUX aHTPAXIHOHY, IO MICTATh MOJIOHI TPYIH, 3’ IBISAIOTHCA
HOBI BIJHOCHO IHTEHCHUBHI CMYIM Yy BHJIUMIA 4YacTMHI 1 camM€ BOHU
BU3HAYAIOTh KOJIp aHTPax1HOHOBHX OapBHUKIB. Beenennsam
€JIEKTPOHOJJOHOPHUX 3aMICHUKIB MOXKHA OTPUMATH OApBHUKHU BiJl KOBTOIO
JI0 3€JIEHOTO KOJIbOPiB, BKJIKOYAIOUM 4YEpBOHUM 1 cuHii. ToMmy yci TOBapHI
AHTPaxiHOHOBI OAapBHHUKM MICTITh SIK MIHIMYM OJIHY €JIEKTPOHOJIOHOPHY
IpyIy TaKOIO THUILY.

[TonoxeHHsT 3aMICHUKa B MOJIEKYJl TaKOX Ba)KJIMBE; Hampukiana, I-
3aMIIIEH] TOX1/IHI aHTPaXiHOHY MaOTh TIHOMMUN KOJIP (Ayaxe. = 472 HM 1
l-amiHOAQHTpaxiHOHY), HIXK 2-3aMilleH] 130MepH (Ayaxe, = 440 HM 1151 2-
aMIHOQHTPAX1HOHY, Ayae. = 368 HM Wil 2-T1IPOKCHAHTPAXIHOHY).
30UIBILIECHHS €JIEKTPOHOJIOHOPHOCTI 3aMICHUKA IMOIIMOIIIOE KOJIP CIOJYKH
(Mviaxe. = 462 BM 117151 N-MeTuUII-1-aMiHOAHTPAXIHOHY, Ayaxe. = 472 HM ju1st N,N-
JUMETUII- 1 -aMIHOAHTPaxX1HOHY). YTBOPEHHS BHYTPIIIHbOMOJIEKYJIAPHOTO
BOJAHEBOI'O 3B’A3KY B IOJIOXKEHHSA | 1 MPOCTOPOBI YNHHHUKU MOXYTh 3HAYHO
BIUIMBATH HA KOJIIp OApBHUKIB.

N .
0" NCH, o0
@) O
Aaxe. = 503 HM Aaxe. = 402 HM

BBeneHHST €JIEKTPOHOJIOHOPHUX 3aMICHHMKIB, IO YK€ BaXJIMBO,
CYTTEBO 30UIBIIYE 1HTEHCUBHICTh IOIVIMHAHHS. 1-3aMillieHl CHOJYKH
3a3BUYail MaloTh OLIBITY IHTEHCUBHICTh MOTJIMHAHHS, HIXK 2-130MEPH (Eyaxe. =
6300 11 2-aMIHOAQHTPAXIHOHY 1 Eyare, = 4500 11 1-amiHOAHTpax1HOHY), ajie
OCKUIbKM 1HTCHCHBHICTH IOTJIMHAHHSA BCE K Majla, MOHO3aMIIIEH1 ITOX1JHI
AHTPaxX1HOHY P1IKO BUKOPUCTOBYIOTHCS SIK TOBapH1 OApBHUKH.

BBenenHs Aapyroi €1eKTpOHOJOHOPHOI TPy Mae€ sIK O0aTOXpOMHUM,
Tak 1 rinepxpomMHuii edekt. OCcoOIUBO 1€ CTOCYEThCA BHUIIAJIKY, KOJIU JIBa
3aMICHUKH 3HAXOJSIThCA B OTHOMY O€H3€HOBOMY SIAP1 (Ayaxe, = 590 HM 1 Eyage.
= 15850 mist 1,4-m1aMiHOAHTPAXIHOHY; Ayaxe. = 487 HM 1 Eyare. = 12600 1t
1,4-11aMiHOAHTPaX1HOHY).

[Tonsipuzariist 30UIBIIYETHCA i 4Yac COJCYTBOPEHHS, IO CYTTEBO
BILUIMBA€ Ha TOIJIMOJICHHSI KOJILOPY cHoiyK. Tak, Oe30apBHA JIEHKOOCHOBa
Ml 4YaCc OKHWCHEHHS Ha0yBa€ >KOBTOIO KOJbOPY, MICIS COJICYTBOPEHHS
AcKpaBo-uepBoHOro (0apBHuk IlapadykcuH), ane micns KBaTepHI3alil BCiX
aMIHOTPYI KOJIIP HiABUILYETHCS 0 KOBTOTO.
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NH2 H2N /(;/[ NH2
c” CH,4

CH; [O]
HoN Q ? NH, KOBTUH
OH
0e30apBHA JICMKOOCHOBA NH,
l +HCI

. o _
H,oN~_ © _NH, H,N NH,CI
cl J :| +HCl /CE
heid CHy  ~— c” CH;,

_ I+ YEpPBOHMI
Cl NH; xosruit NH, THapadykcun
3MIIIEHHS €JIEKTPOHIB Y MOJIEKYII1, a caMe O1J1s1 TPaBoro OEH3EeHOBOIO KLJIbIIS
1 ami"Horpynu -NH,, npu3BOIUTh 10 YTBOPEHHS XIHOIAHOI CTPYKTYpPH, IIO
nornosroe koJiip (ApMctpoHr 1888 p.), a TakoXK 10 BUHUKHEHHS MTO3UTUBHO
1 HEraTMuBHO 3apsDKEHMX IeHTpiB. Bce 1e, a TakoX HasBHICTb
ayKCOXPOMHHUX aMIHOTPYI B MOJIEKYJl CTBOPIOE YMOBH Jisl MOTJIMHAHHS Y
BUJIMMII 001acT1 CEKTPY, 110 1 Bu3Ha4ae kodip [lapadykcuny.
31aTHICTIO 10 3MIHM KOJIbOPY BOJIOJIIOTH TaKOX amiHOa30- 1
T1IPOKCUA30MOoXiAHI. BIIMIHHICTh MIXK HUMHU € B TOMY, 110 aM1HOA30MOX1/IH]
y pa3l MOABUIIEHHA KHUCJIOTHOCTI CepeloBUIlla OyayTh 3MIHIOBATH
3a0apBJEHHA OAaTOXPOMHO, a TIAPOKCHUA30MOXIJHI — TINCOXpOMHO. Tak,
MeTtunoBuii OpaHKEBUII B KHUCIOMY CEpPEIOBHUIIl OATOXPOMHO 3MIHIOE
3a0apBJICHHS HA YEPBOHE:

. ON(CH3)2
os{ )
C ON(CH3)2

KHCJIE CEPEJIOBULIE JIy’)KHE CepeZIOBULIE
(uepBOHUI KOJTIp) (>xoBTHI1 KOJIIp)
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Tponeomin OOO B JyXHOMY cepeloBUIll HaOyBa€e YEPBOHOTO
3a0apBJICHHA:

o
NaO3S N Q NaO3S

JKOBTHUH

OH
_
g+
@
NaO3 S
OpaHXEBUM YEpPBOHUN

31aTHICTh 3a0apBJIEHUX CIIOJYK 3MIHIOBATH KOdip 3ajexHo Big pH
CEepPEelOBHINA 3YMOBJIIOE 1X BHUKOPUCTAHHS SIK KHCJIOTHO-OCHOBHHX
1H/IUKATOPIB.

BaxymBoro XapakTepUCTUKOIO I1HAMWKATOpIB € iHTepBan pH 3a skxoro
B1IOYBA€ETHCA 3MiHA KOJIbOPY. Y MEpPUIOMY HAOJIMKEHHI JIBa KOJbOPH MOXKHA
PO3PI3HUTH, KOJIM KOHLIEHTpalis ofHl€i hopmu iHauKaropa ckiagae ~10%
KOHLIeHTpauii apyroi ¢opmu. ToOTO, SKIIO KOHIEHTpALls HEUTPATBLHOIO
O0apauka HInd B necste pasziB Oinblia ab0 MeHIIa Bij KOHIIEHTpalii
OapBHUKA B 10H130BaH1ii Gopmi Ind :

[HInd] 1
H]=K, —— ~ K, —
[Ind ] 10
1 1HTepBaJ 3MiHU 3a0apBJICHHS 1HAUKATOpa OyJie 3a
pH = pKypg + 1

Tyt K, koHCTaHTa aucorianii, a pKypg TOKa3HUK 1HAUKATOpa. Y 3aralbHOMY
3MiHA KOJBOPY IHAMKAropa TIOYMHAETbCS 3a 3HaueHb pH  piBHHX
PKuma — 1, 1 3akiHuyeTbest 3a 3HaueHb pKypmg + 1. s iHgukaropiB 3
KOHTPAacTHUM 3a0apBiieHHSIM Mexi pH, 3a SKUX 3MIHIOETHCS KOJIP MOXKE
3MEHIIYBaTUCh. 3B1ICH BUMOTa JI0 SIKOCTI OapBHHMKA — KOJIP HEUTPaAIbHOI Ta
10H130BaHOi  ()OpM  MOBUHHI  YITKO  PO3PI3HATHCSA; He  OakaHO
BUKOPUCTOBYBATH OapBHUKHU 3 OJM3bKAM 3a0apBIICHHSM. 3pO3yMilo, IO
AKIIO OJHAa 3 (opM OapBHUKA CHPUUMAETHCS 30POBO Kpallle, 1HTEpBal
nepexoy He OyZie CUMETPUYHUM.

JIJ1st XapaKTepUCTUKHU 1HIMKATOpa B TAOIUIAX MPUINHATO NPUBOJAUTH HE
3HAQUYEHHS MOKAa3HHWKA KUCIOTHOCTI 1HJIMKATOpa, a MPAaKTHYHO BCTAaHOBJIEHI
3HAQUYEHHS IHTEpBaMiB 3MIHM 3a0apBiieHHs. Tak, i1 MeruinoBoro
opamxesoro 11e pH 3,1-4,4, nns Tponeoniny OOO ue 7,6-8,9
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Y nOpodoBXKEHHS TEMHU IHAMKATOPIB 3YIMUHEMOCA Ha CHOJyKax, SKI
BUKOPUCTOBYIOTHCSl SIK 1HJIMKATOpPW IiJ] 4ac BU3HAYEHHS IMEBHUX METaJiB.
KoxxHuii peareHT, sIKMd 3 10HAMM METally YTBOPIOE 3a0apBii€H1 CIOJIYKH,
MOXXHa BBaXaTW I1HAUKATOPOM MeTaily. Taki peareHTH HOCATh Ha3BY
METaJIOXPOMHI 1HIUKATOPU a00 1HIAUKATOPHU ISl KOMILJIEKCOHOMETPII.

KommiekcHa crionmyka meTainy 1 iHAUKaTopa NOBUHHA OyTH JOCTaTHBO
CTaOUIBHOIO, ajie 1i CTaOUIBHOCTh HE MOBUHHA MEPEBUIIYBATH CTAOLIBHOCTI
CIOJIyKM MDK 10HOM METally 1 KOMIUIEKCOHOM (pE€areHToM SKui
BUKOPUCTOBYEThCA [l TUTPYBaHHs). 3MiHa 3a0apBieHHS I 4ac
TUTPYBAHHSl TOSICHIOETHCS THM, IO B TOYI[l €KBIBAJEHTHOCTI TiJ €O
KOMILIEKcoyTBoprotoyoro pearenry (HY) pyiiHyeTbess crnoiyka wmetai-
inaukarop (MInd) 1 ingunukatop (Ind) BuainseThCs y BIIBHOMY CTaHI.

MiInd + HY S MY + HInd

VY 3B’3Ky 3 TUM, IO AK IHAMKATOPU BUKOPUCTOBYIOTH PEAreHTH, SK1
3MIHIOIOTh 3a0apBJICHHS 3aJIEKHO B1JI KHUCIOTHOCTI PO3YMHY, TUTPYBaHHS
MpoBOIAATh Y OydepHux cymimax. 3MiHa 3a0apBJICHHS MMiJ 4ac yTBOPEHHS
KOMIUIEKCY MOK€ OyTH JyK€ 4YITKOIO, KOJIM TpH I[bOMY MPOXOJUThH
3amimieHHs rigporeny. Tak iHaukatop Epioxpomosuil yopuuii T (1-(1-oxcu-
2-"adTunazo)-6-HiTpo-2-HadTon-4-CyabPOHAT HATPIIO)

OH HO
NO,

3a pH 7,4-10,5 mae cuHe 3a0apBiieHHS, Y pa3l YTBOPEHHS KOMILIEKCY 3
MarHieM (3amiHa TiAporeHy Ha meran) — dyepBoHe. 3a pH 12, xonu 6apBHUK
3HAXOOUThCA y (PEHOKCHIHIM (QopMi, IHIAUKATOP Ma€ B¥KE YEPBOHO-
KOPUYHEBUN KOJIIp (CyMIIll CHHBOTO 1 OPAHKEBOT0 KOJBOPIB), & KOMILIEKC 3
MarHieM 3aJMIIAE€THCS YEPBOHUM. 3pO3YMUIO, IO TUTPYBAHHS B JAHOMY
BUMAAKYy HeoOXxigHO mnpoBoautu 3a pH Oua 10, ske gocsraerbcs
BUKOPHUCTAHHIM aMOHIa4HOTO Oydepy.

Tak sk gaHuil OAPBHUK € TPHUOCHOBHOK KHCJIOTOK PIBHSHHSA MOXHA
MPEACTAaBUTH Y BUTJISIL:

Hyilnd ——— Hylnd ——> HInd> ———>  Ind”
pR 3)9 6’4 1,5
Konip  depBonuit YEPBOHUMU CUHIH OpaHXEBUI

AHaJIOTIYHO SIK Mar"iii B ci1a0oy»KHOMY cepeioBuilll 3 Epioxpomom
yopHuM T uepBoHE 3a0apBiIEHHS Ja€ KyIPyM, IUHK, INTFOMOYM 1 aJIFOMIHIH.

Konip opraHiuHux crnoiayk Moxe OyTHM BHUKIMKAHUN 1 1HIIMMHU
dakTopamu. Tak y pa3i BIIHOBJICHHS B JY>KHOMY CEPEIOBHIIl JUTIOHITOM 1
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IHITUMHY BITHOBHHUKAMU CHHE 3a0apBlIeHHs [HIUTO TIepexouTh B )KOBTYBATY
ab0 Oty JerKkopopmMy — JTEHKOITHAUTO (TMHATPIEBA CLIIb):

OH
HN
L N\ 4
1] NH
OH

I'mubokuii komip [HaUTO TpUBANMiA Yac HE BAABAJIOCSA MOSICHUTH — 3a Majoi
CIPSDKEHOI CHCTEMHU CHHIM Komip. Sk BusiBWiIOCcsS y mapoBiid (a3t [nauro
YEpBOHOIO KOJIbOPY, Y MOJAPHUX PO3UMHHUKAX — (IOJIETOBOrO, a B
KPUCTAJIIYHOMY CTaHl CHHIM KOJIp, 110 3YMOBJIEHO MIKMOJIEKYJISPHUMH 1
BHYTPIIIHBO MOJIEKYJISIPHUMU BOJTHEBUMH 3B’ SI3KAMHU.

BHYTPILIHOMOJIEKYJISPHI

. MIKMOJIEKYJISIPHI
BOJIHEBI 3B’SI3KU

BOJHEBI 3B’ SI3KU

bapsuuku uacto wictate rpynu -SOsH, -COOH, -CHj;, -OCHs;,
-NO,, -Cl, -Br, sixi MatoTh BIUIMB Ha BiIacTUBOCTI OapBHUKIB. ['pynu -SO;H 1
-COOH y Burisal HaTpi€eBUX, aMOHIEBUX 1 KaJllEBUX COJIEM HaJalOTh
OapBHUKAM po34uHHICTH y BoJl, OCHj3; — naroTh sICKpaBl KOJbOPH, FaJOreHU
MOTJIMOJIOOTH KOJIP 1 MiJIBUILYIOTH CTIHKICTh OAPBHUKIB.

Xoya B JAOCHIKEHHI 3B’SI3KIB MK CTPYKTYpOIO 1 KOJbOPOM
OpPraHIYHUX CIOJIYK JIOCATHYTI JOCUTh 3HAYHI YCIIXH, CJIJ CKa3aTH Mpo Te,
IO Halll 3HaHHA B LI oOnacTti Bce IIe HemockoHanl. OcoOnmBO 1€
CTOCYEThCSA CHOJIYK CKJIaJIHOI XIMIYHOI OYyJIOBM, TOMY BIJIOMi BUIIQJIKW, B
SIKUX BaKKO y3TOJUTH TEOPIIO 13 MPAKTUKOIO.
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Po3min 2

MMPOMIKHI TPOAYKTH TA OCHOBHI METO/JIA iX
CHUHTE3Y

2.1. OcHOBHA OpraHiyHa CHPOBHHA

OCHOBHOIO OpPraHiYHOK CHPOBMHOIO JJII CHHTE3y MPOMIXKHUX
MPOAYKTIB 1 OAPBHUKIB € BYIJIEBOAHI apOMaTUYHOrO psiay (O€H3€H, TOIYEH,
KCWJIOJ, Ha(TaleH, aHTpalleH), SIKI OTPUMYIOTh 13 MPOAYKTIB KOKCYBaHHS
KaM’sTHOTO BYTULJIA 1 TP IiepepoOIl HaTu.

Ckrnaag JEeTKMX TPOJIYKTIB KOKCYBaHHS 3aJ€KHUTh BIJI  SIKOCTI
BUKOPHUCTOBYBAHOIO BYTUIIA 1 pEXKUMY KOKCYBaHHs. 3a3BU4Yail BHUXIJ
KOKCOBOTI0 Ta3y ckiaaae 0au3bko 300 KkyO1uHMX METpiB Ha | TOHHY BYT1JLIA:

Kam’ssHoByT1JIbHA cMoOJIa 85-130 r/m’
Cupuii 6eH3eH 20-40 r/m’
AMoHiak 10 t/n’
Bosa 200-300 r/m’
I'aporencynbdin 6-30 /™M’

Kam’ssHOByT1JIbHA CMOJ1a € B’ S3KOK0 PIAMHOI0 MaiiKe YOPHOTO KOJbOPY,
110 CKJIAJAEThCS 3 CKIAAHOI CyMIIll BYTJIEBOAHIB 1 F€TEPOIMKIIYHUX CIOJIYK,
AKy PO3TaHsAIOTh Ha CHEIlaJbHUX YCTAHOBKAaX, 3 HACTyNHUM (pakiiiHuM
CKJIaJIOM (TIpUOJIU3HO):

e Jierki oxusu 10 1%

* (eHoubHI 0sMBH 10 2%

* HadTanaeHoB1 0JauBH 10 8%

e Bakkl ojiiBH 10 13%

* AHTpAaIICHOBI OJIUBHU 110 25%

* mek 10 60%

3 0NMBH, SIKYy OTPUMYIOTH I11Jl 4aC PO3TOHKU KaM SHOBYT1JIbHOI CMOJIH,
BUJIUISIIOTh 1HJIMBIyaJIbHI PEUYOBUHH, ITICIAS 4YOr0 BOHU IIOCTYMHAalOTh Ha
MOAAJIbIIIE BUKOPUCTAHHS.

®eHon A00YyBalOTh PO3UYMHOM IJKOrO0 HATpy 3 oymBHU. llpu npomy
CIIOYaTKy yTBOPIOIOTHCS PO3UYMHHI B  BOJI (DEHOJATH, SKI IOTIM
HEUTPaTi3yIOTh KUCJIOTAMH YU BYTJIEKUCIUM Ta30M:

C¢HsOH + NaOH — C¢HsONa + H,O (po3uuH GEHOIATY)
C¢HsONa + CO, + H,O — C¢HsOH + NaHCO; (deHomn 1 rimpokapOoOHaT)
NaHCO3 + Ca(OH)z — NaOH + CaCO3 + HQO

[3 HadTaneHOBOI ONMBU LUISAXOM KpUCTATI3alli BUIAUISIOTH CUPHUHI
HaTasieH, SKUi OYUIIAIOTh CyOIIMAalII€l0.

VY mporieci kpucTanizalii aHTpalueHOBO1 OJIMBU BUIIA/1a€ CMOJIMCTAa Maca
3€JICHOr0 KOJIbOPY, fKa CKJIAJA€ThCA 3 CyMIIIl aHTpaleHy, KapOa3omy 1
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dbenantpeny. I{ro Macy (iapTpyroTh, a MOTIM PO3AUISIOTH Ha CKJIAJIOBI
YACTUHM IUISIXOM XIMI4YHOI OOPOOKH 1 TUCTHIISAILI.

OTpuMaHuii 0puU  YyJIOBJIIOBaHI JIETKMX MPOAYKTIB KOKCYBAaHHS
KaM’sIHOTO BYTLJUISI CUpUN OEH3€H SIBJIsi€ COOOI0 PIAMHY 3 PI3KHM 3alaxoM,
1[0 CKJIAJIA€THCS B OLIBIIOCTI 3 apOMaTUYHUX BYIJeBOAHIB. Cupuil OeH3eH
MICTUTh HEBEJIMKI KUIBKOCTI TIO(EHY, TIPUANHY 1 IHIIUX CIOJIYK.

[HMBIyaibHI PEYOBUHU MOXKYTh OYTH BHJUIEHI 3 CUPOro OEH3EHY
peKTU(IKAITIELO.

Jist BUpOOHMIITBA apOMATUYHUX BYTJIEBOAHIB 3aCTOCOBYIOTH TaKOXK
MpoLleCH apoMartu3alli HapTOBOI CHUPOBUHHM, 3aCHOBAaHI Ha JET1JIpyBaHHI
HaTEHOBUX BYTJEBOJHIB 1 Jeriaporukiizaiii napadidiB Tta ojediHiB B
MPUCYTHOCT1 KaTai3aTopiB: OKCHJIIB XpOMY, QJIIOMIHIIO, TUTaHy 1 1HIIMX
MeETaliB, Kl OCaPKEHHI Ha HOCISIX.

2.2. lonaTkoBa CUPOBHHA

KpimM 0CHOBHOI apOMaTUYHOI CUPOBUHHM 1 OTPUMAHUX 3 HETl MPOAYKTIB Y
BUPOOHUIITBI OpPraHiYHUX OAPBHUKIB 3aCTOCOBYETHCA 0araTto OpraHIYHUX 1
HEOPraHiYHUX PEUYOBHH.

30kpema, cyiab(aTHa KHCIIOTAa BHUITYCKA€ThCA B JACSKUX TOBAPHUX
dbopmax, a came:

* kxynopocHa omuBa (92,5% H,SO4) piaguHa 3 TeMIepaTyporo
3amep3anss — 30,3°C;

* wMoHoriapat (100% H,ySO4) — tya -10,45°C;

* oseym 20% (20% po3unH cynab(aTHOro aHriApuay B Cyib(aTHIi
KHUCHOT1 3 tyer -11°C.

Hitpatna xucmora 1 wMenawx (7-10% cynbdaTHOT  KUCIOTH)
BUKOPUCTOBYIOThCS Il HITpyBaHHA. Lli pedoBuHM € BHOyxoOe3meuHi 1
HEroproul.

[nkuii matp (kaycTyHa coja), iake Kaii, KapOOHAaT HaTpiko
(KaJpbLIMHOBAaHA COJIa) 3aCTOCOBYIOTh Y BEJIMKUX KUIBKOCTSIX Y BUPOOHMIITBI
MPOMDKHUX MPOAYKTIB 1 OapBHUKIB. BCi 11 IPOIYyKTH € BUOYXOOE3MEUHNMH 1
HETOPIOYMMU PEUYOBUHAMH.

Hitput Harpito IMUPOKO BUKOPUCTOBYETHCS Yy  BHUPOOHUITBI
a300apBHUKIB B fAKOCTI peareHry [Jjs [1a30TyBaHHS 1 HITPO3yBaHHS.
B3aeMopiss 3 KucIOTamMu TPU3BOJUTH 10 YTBOPEHHS HECTIMKOI HITPUTHOI
KHUCJIOTU 1 OTPYHHUX OKCHUJIIB HITPOICHY.

2.3. [IpakTuka cy1bGoHyBaAHHA
Ha BigmiHy BiJ OUIBIIOCTI peakiii eleKTpO(PIILHOTO 3aMilleHHS B
apoOMaTHYHOMY PsIAY peakiiis Cyiab()OHYBaHHS 3BOPOTHS:
Ar-H + H,SO, = ArSO;H + H,O
VY pesynbpTari peakuii BUAUIAETHCS BOAA 1 piBHOBara OyAe 3MIN[yBaTUCS
BJIIBO, TOMY B SIKOCTI CYJIb()yIOUOTO areHTa BUKOPUCTOBYIOTH CYJb(paTHY
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KHUCJIOTY PI13HOI KOHIEHTpaIlli, 0JIeyM, XJIOPCYIb()POHOBY KHUCIIOTY, TPUOKCHUT
cynbdypy, coi cyan)lTHm KHUCJIOTH B MIPUCYTHOCTI OKUCHUKIB, pEUOBHUHH,
Akl MICTATh 3B’si3aHuil cynb@yp(VI) okcua 1 3marHi Moro BHIAUIATH
(mipuauHCYIbMOTPUOKCUI). Y  JI€AKMX BHUIAJKaX BOJa BHUIAISIETHCS
azeoTponHow (TtoinyeH, YXB) abo BakyyMHOIO NEpEroHkor. BBeneHHs B
MOJICKYJTy apOMAaTU4YHOI CIIOJIYKH €JEKTPOHOAKIENTOpHOI rpynu -SOsH, sxa
Mae -1 1 -M edektu, 3arpyaHse noaanbiie cyiabdyBanHs. KoHcraHTa
IIBUJIKOCTI BBEJECHHS MEpIIOi 1 JApyroi cyiab(orpynu BIAPI3HAIOTHCS
MpUOIHM3HO Ha 3 MOPSAIKH, TOOTO IIBUJIKICTh PEAKIIll 3MEHIIYEThCS 1] Yac
Mepexoly Bl MOHO- 0 AUCYJIbPONoxigHuUX. Tomy 3ajexHO Bl YMOB
Cylb(OHYBAaHHS MOXKHAa OTPUMYBAaTH CHIb(OHOBI KHUCIOTA 3 TEBHOIO
KUIBKICTIO Cynb(orpyn. YMOBH MNpOBeIEHHA Cylb(yBaHHS BUOUPAIOThH
TaKUM YMHOM, 1100 OTpUMAaTH MaKCUMAJIbHUI BUXiJ L1JIBOBOrO MPOAYKTY 1
MIHIMaJIbHY KUJIBKICTh MOOITYHUX MNPOAYKTIB. 3 L1€I0 METOI0 BUKOPUCTOBYIOTh
Ccylb(aTHy KHUCIOTY pi3HOI KOHIEHTpalli, 3MIHIOIOTh TeMIlepaTypy 1
TPUBAJICTh pEaKilii, a TaKOX BUKOPUCTOBYIOTH Karamizaropu. LIIBuakicTh
peakili cyiab(PyBaHHS JIHIKHO 3aJ€XKUTh BiJ KOHLEHTpaIii cynbdarHoi
kucaotu. [Ipu po3daBiieHH] Cyab(paTHOI KUCIOTH BOAOIO, SIKA BUIIISETHCS
M Yac peakiiii, MBHUIKICTh peakilii MOXKE 3MEHIIYBaTUCh HACTUIbKH, IO
peaKIlisi IPaKTUYHO 3yMUHAETHCA.

[IpakTuHO cCynb(yBaHHS B 3aJ€KHOCTI B TPUPOIU BUXIAHOI
PEYOBUHMU 1 KUIBKOCTI1 CYIb(OrpyIl, sIKi BBOIATHCS, IPOBOAATH 32 TEMIIEPATYP
60-110°C. 3anexHo BiJ TeMIepaTypu Cyib(OHYBaHHS Cyib(dorpyna Moxe
BCTYIIATH B PI3HI MOJIOKEHHSI ApOMAaTUYHOI CIONYKHU. Tak, npu cynb(yBaHH1
(eHOTy Ha XO0JIOA1 EPEBAKHO YTBOPIOETHCS 0-PEHOIICYIb(OHOBA KUCIIOTA, a
3a MIABUIICHOI Temreparypu — n-peHoscyiabpoHoBa kucinora. Ilim dyac
HarpiBaHHs 0-(GeHOJCYIb()OKUCIOTH YTBOPHOEThCS n-(heHOJICYIh(OHOBA
kuciora. OcoOnuMBO  SICKpaBUM € BIUIMB TEMIlepaTypd I 4ac
cyJib(OHYBaHHS HaTaICHY.

ITopsimok Tmpujgayl KOMIIOHEHTIB PEaKIHOI CyMIill 3ajeXUTh Bij
MPUPOJM BHUXIJHOI apOMAaTUYHOI CIOIYKH 1 YMOB CyJib(OHYyBaHHS. Y pasl
CyJlb()OHYBAHHS 3a MIJABUIIEHOI TEMIEPATYPHU CYJIb(PaTHY KUCIOTY TOAAIOTh
70 PO3IUIaBJIEHOI BUXIJHOI cnoiiyku. Ha Xomomi, sik mpaBuiio, cyoOctpar
N00aBISIIOTE 10 Cyiab(darHOoi Kuciaotd. [lomicynboOHOBI KHCIOTH YacTilie
BCbOIO OTPUMYIOTH CTYNEHEBUM CYIb()DOHYBAHHSIM; CYJIb(QYIOUUN areHT
N00aBJISIIOTh B KUIbKA NPUHOMIB, 3MIHIOIOYM HOr0 KOHIICHTPALIIO 1
TeMmnepaTrypy CcyiabpyBaHHs, TOOTO CTBOPIOIOTH ONTHUMaJibHI YMOBHU IS
MPOBEAECHHS JPYroro 1 TPeThOro CyJib(pyBaHHA. BUTbLIICTH CyIb()OHOBHX
KUCJIOT BUIUIIOTH Yy (opmi iX cosel, MNepeBaXHO HATpPIEBUX, 1HOAL
kanblieBux. Comnl cynb(POHOBUX KUCIOT, K TPaBUIIO 100pE pO3UMHHI Y BO/II,
ajsie BUAUIAIOTBCA B OCaJl MPU HAUIMIIKY COJIl TOTO METally, SIKHH YTBOPIOE
CUIb CyJIb(OHOBOI KHCIOTH, TaKUH METOJI HA3UBAIOTh BHUCOJIOBAHHSIM.
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Buconennwo mnignawoTe gk cyibdomacu, sAKi po30aBieHI BOJIOI, TakK 1
PO3UMHM COJIEH CYJIb(POHOBUX KHUCJIOT, SKI OTpUMaIM MICIs HEeUTpam3alii
cynbpomacu. JlJi1 BUCOJIEHHS BHUKOPUCTOBYIOTH XJIOpUA abo cyibdar
HaTpito. Xjgopuja OUIbII  JIEMIEBHM, ajxe mnOpu HWoro B3aeMoAll 3
KOHIICHTPOBAHOK CYJIb(POMACOI0 MOXKE BUIUIATUCS T1APOTCHXJIOPHUI, SIKHIA
MO€E BUKJIMKATH KOPO3110 amapaTypu. YacTo Ay BUIIIEHHS CyJIb()OHOBHX
KUCJIOT y BUIJIAM1 COJed cylbdomacy HEUTpaii3yloTh, J00aBISIIOYN COIY,
Kpenay, TIpOKCUI a00 CyJIb(IT HATPIO.

Cynvponyeanms benzeny.

H,S0,
O e o

Jnst cynb(hoHyBaHHS O€H3€HY BUKOPHUCTOBYIOTh BEJIMKWN HAJJIMILIOK
cynb(aTHOI KUCTOTH. /{7151 3MEHILIEHHS] BUTPAT CyJIb(PaTHOI KUCIOTH MPOLEC
BEJlyTh 3a BUCOKOI TEMIIEPATypH 3 OJHOYACHUM BHJAJEHHAM PEAKIIAHOI
BoAW. Takuil METOJl HAa3MBAIOTh METOJOM CYJIb(OHYBAaHHS B Iapax. 3T1IHO
pOr0 MeTony OemseH HarpiBatote g0 150-160°C, GapGoTyioTh uepes
KyIopocHy oJiuBy. beHzeH O0epyTh B 5-6 kparHomy Haauiiky. Hammuiiok
O€H3eHy BUHOCUTH 3 amapara Boay. Cynb(OHYBaHHS MPUIUHAIOTH Yy pasl
BMICTY B peakiiiHiid Maci 4-5% cynb(aTHOI KUCIOTH, sIKa HE BCTynuja B
peakilifo. 3MEHIIEHHS KUIBKOCTI BUIBHOI KHCJIOTHM MOKE IIPUBECTH 10
YTBOpPEHHs Cyib(oHIB. BBeaeHHs ABOX Cyib(Orpyn y MOJEKYJIy OEH3EHY
MPOXOAUTH 3HAYHO Bakue€, 3 MEHIIOK MBUJIKICTIO. [Iponiec MoxkHa BecTH B
onHy abo B 1Bl craxii, mo Kpame. Cnouarky 3a 50-80°C Oen3zeH
CyJIb(OHYIOTH MOHOTIJIpATOM, Ha Jpyrid craiii cyinb(oHyrTh 65%-HuUM
oeymoM 3a 30-80°C. Com OeHn3eH-1,3-1uCcyab(POHOBOI KHUCIOTH J100pe
pPO3YMHHI B BOJI, HE BHUCOMIOIOTHCA. Cynb(omacy BUIMBAIOTH B PO3YUH
cylbdary HaTpito, HEUTPATI3YIOTh KapOOHATOM KaJIbI[it0, CYJIb(haT KAJIbI1IO
BIAQUILTPOBYIOTh. Po3unH OeH3eH-1,3-a1ucynb(hOHOBOI KHUCIOTH YHAPIOIOTh
nocyxa. OTpuMaHy KUCIOTY EpepOOISIIOTh B PE30PLIMH.

Cynvhonyeanms moayeny.

H,SO,4
CH3 3 CH3 + CH3 SO3H

SO;H

VY pa3i cyabpoHyBaHHS TOJYEHY peakilisi MPOXOAWThH JIETIIE HIXK Yy
BUMAAKY OeH3eHy. I[Ipu 1bOMY YTBOPIOIOTBCS Opmo- 1 napa-130Mepu.
[3omMepHUI CKJa] 3aJ€XUTh Bl YMOB NPOBEICHHS Cylb(OHYBaHHS. Tak y
npoiieci cynbpoHyBaHHs TodayeHy 82,3% cynbdaTHOw Kuciotow 3a 25°C
yTBOpIOEThCA  65,1%  n-TosyeHCYIb(POHOBOT  KUCIOTH. Y  BHUNAAKY
IIJIBUILICHHS. KOHIIEHTpaIlli Cynb(Qyrouoro are’ry 1o 95,3% 30iiblryeThes
BMICT opmo-i13omepa 10 50%, a y pasi cyiab(PoHYBaHHS TPUOKCHUIOM



32 Po3znain 2. IIpomixkHI IPOAYKTH Ta OCHOBHI METOAM iX CUHTE3Y

cynbdypy B xjopodopmi MiABUILYETHCS BMICT napa-i3omepa 10 91%. 3a
BUCOKMX TEMIEparyp CIHIBBIJIHOIIEHHS TOJYEHCYIb()OHOBUX KHUCIOT
BU3HAUYAETHCS TEPMOJUHAMIYHUMH (aKTOpAMH: TEPEBAKHO OTPUMYIOThH
OlIbII CTAOLILHUM Mmema-i130Mep. Tak cynb(oHyBaHHS TOdyeHY 74%-010
cynbdaTtHoro kucinororo 3a 141°C mae cymim 59,6% mema-, 37,2% napa- 1
3,2% opmo-13omepy.

KinekicTe napa-izomepy 301bI1yeThes 10 85%, K0 CylibGOHYBaHHS
BECTH B TMapax 3 OJHOYACHOIO BIATOHKOI Boau. UucTa n-ToinyeHcyinb(hoHOBa
KHUCJI0Ta MOX€ OyTH OTpUMaHa Mij yac cyJab(PoHyBaHHAM ToJyeHY 98%-HO10
CyJib()aTHOIO KUCJIOTOO B IMMPUCYTHOCTI TJIPOCYb(aTy Kaiko.

Cynvhonyeanms aminis.

Y  pa3si  cynbpoHyBaHHS  apOMaTUYHUX  I[EPBUHHHUX  aMIHIB
BUKOPUCTOBYIOTh E€KBIMOJISIpDHI  KUIBKOCTI Ccyib(partHoi kuciaoth. Ciib
apOMaTHYHOIO0 amiHy 3 CyJb(aTHOI KHUCIOTOIO, SIKa YTBOPIOETbCS Ha
MoYyaTKy peakiii, wmeroaoMm 3amikaHHs 3a 180-190°C mnepeBogsaTh y
CyJb()aMIHOBY KHCIIOTY.

H _
QNH2 _H804 @—NH§ HSO, — H2NOSO3H

Mertop 3amikaHHs MPOBOAATH B TYHEIbHUX I€yax a00 B MPHUCYTHOCTI
BUCOKOKHUIUISTYMX PO3UYMHHUKIB — MOJIXJIOPOCH3EHIB.

Cynvhonyeanns ghernony
Y mpoueci cynbdyBaHHS (EHOTY KYHOPOCHOIO OJIMBOKO  a0o
MOHOTIZIPATOM  YTBOPIOETBCS ~ CYMIIl ~ opmo- 1 napa-i3oMepis.

CHiBBITHOIIEHHSI 130MEPIB 3aJICKUTh BiJl TeMIleparypu cyiab(yBanns. 3a O-

5°C kuIbKiCTh opmo-13oMepy ckianae 40%, y pasl niABUIIEHHS TEMIIEpaTypu

1o 100°C kinbKicTh opmo-i13oMepa 3MeHInyeTbest 10 10%. ITig yac 00poOku

(eHOoMy, B34ATOr0 B HAJJIMIIKY, KYIOPOCHOI OJIMBOIO 200 MOHOTIIPATOM 3a

temriepatypu 110 180°C orpumytots 4,4'-nurigpokcuandeHuicyibQoH:
HO-Ar-SO,-Ar-OH

Cynvhonyeanms xnop- i HimpobeH3eHis

CynbdoHyBaHHS XJOpOOEH3EHY MPOXOJUTh 3 MEHIIOK IIBUJKICTIO,
HDK Yy Bunaiaky OenzeHy. Cynb(OHyBaHHS BeIyTh MOHOTIIpAaroM ado
oeymom 3a 80-100°C. Ilpm 1pOMy YTBOPIOETHCS MNPAKTUYHO TUIBKU 7-
xjopoOeH3eHcynb(oHoBa  kuciaora. HiTpoOeH3zeH, a  Takox  1HIII
HITPO3aMIILIEH], K 1 CIJIIJI OYIKYBaTH, CylIb(YIOTbCS Bakue, HI)X OCH3EH.
HasBHICTh CHJIBHOI €IEKTPOHOAKLENTOPHOI TPYNU 3HUKYE EJIEKTPOHHY
I'YCTUHY Ha O€H3€HOBOMY SIJIpl, 110 3MEHIIYE MIBUAKICTh €IEeKTPOPUILHOIO
3aminieHHs. g cynbQpoHyBaHHS HITPO3aMILIEHUX BUKOPUCTOBYIOTH OJIEYM.
Cynb(hoHyBaHHS HITPO3aMIIIEHUX MPOBOJATH 3a TEMIEparyp, SKI He
nepeBuiytotb 100-110°C, 3 OesnepepBHUM MEpPEMILIYBAHHSIM. 3a OLIbII
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BUCOKMX TEMIIEpaTyp MOKJIMBI TPOLIECH OKHUCHEHHS, $KI MPOTIKAIOTh 3
BUJIUICHHSIM BEJIMKO1 KUIBKOCTI Teria, [0 MOXE€ IPHU3BECTU 1O BHOYXY.
OO0O0B’A3KOBUM € 3arpy3Ka HITPOCIIOIYKH B OJIEYM, a HE HaBIaKH.

VY pasi cynbQoHyBaHHS n-HITPOXJIOPOOEH3EHY YTBOPIOETHCS S-HITPO-2-
XJIOpOOEH3EHCYIb(OHOBA KUCIIOTA, SIKa ITUPOKO BUKOPUCTOBYETHCS.

aONOz — NO,

SO;H
n-Hitpoxsnopobenzen po3uussiorh 3a 80°C B 20%-omy osieymi 1 Hajgam
cynbdytore 3a 107-110°C 65%-um oneymoM. Ilicias 3akiH4YeHH1 peakiiii
cyiab(homMacy BWIMBAIOTH Y BOAY, OXOJOIKYIOTh, BUCOIIOIOThH CYJIb(OHOBY
KHUCJIOTY CyJb(}aToM HATPIO.

Cynvhonyeanns Hagpmanery ma o2o nOXiOHUx
[lin vac cynboHyBaHHS Ha(TaleHy YTBOPIOEThCS SIK HadTaieH-1-

Cylb(POHOBA KUCIIOTA, TaK 1 HadTaIeH-2-CyJIb(POHOBA KUCIIOTA.
SO;H

SO;H
O 150, .

VY pasi cynbpoHyBaHHS MOHOTIAPATOM 3a HU3bKOI Temmneparypu (30-
60°C) B SIKOCTI OCHOBHOI'O MPOAYKTY YTBOPIOEThCS HadTaneH-1-cynbpoHoBa
kucinora (out 85%) 1 HeBenmuka KuibkicTh (g0 15%) nHadTaneH-2-
Ccynb(POHOBOI KHCIIOTH; 3a BHUCOKOI Temmneparypu (160°C) mnepeBaxxHo
yTBOPIOEThC HadTalieH-2-cylbhoHoBa Kuciora (85%). Skmo orpumartu
CIIOYaTKy HadTaneH-1-cynb(pOHOBY KHUCIOTY, Cylbpyroun HadTajaeH 3a
HU3bKOI TEMIIEpaTypH, a MOTIM peakuiiiHy Mmacy Harpitu no 160°C, Tomi
KUIbKICTh HaTaseH-1-cynb(OHOBOI KHUCIOTH 3MEHIIYETHCA, a KUIBKICTh
HadTaneH-2-Cyab(POHOBOT KHUCIOTH 30UIBIIYETHCS, Tak sK HadTageH-1-
cylb()OHOBA KHCJIOTA TIiAPOJI3YEThCA Jierimie. TpuBajge HarpiBaHHS
cylbdomacu, sika MICTUTh B OCHOBHOMY Ha(TalieH-1-Cynb()OHOBY KUCIOTY, 1
3a HHU3BKOI TEMIIEpAaTypH MPUBOJIUTH J0 YTBOPEHHS 3HAYHOI KIJIBKOCTI 2-
13oMepa. Lle MosACHIOEThCA 3BOPOTHICTIO Peakiiii CyJb(OHYBaHHS, a TAKOXK
TAM, 10 OJHOYACHO MPOTIKAKOTh JBI MapajeibHl peakiii. 3a HU3BKOI
TEMIIEpaTypu LIBUIKICTh CyJIb(OHYBaHHS Ha(dTalleHy B MOJOXEHHA | y
KUIbKa pa3iB BHILA, HIX Yy MOJIOXKEHHSA 2. Alle depe3 OUIbLIY CXUJIbHICTh
HadTaseH-1-cyab()OHOBOI KHCIOTH A0 TIAPOJi3y MOPIBHSAHO 3 HadTasieH-2-
CyJb()OHOBOIO KHUCIIOTOIO, 301TIBIIEHHS BUTPUMKHU MPUBOJUTH 10 301TbIIEHHS
BMICTY HapTasieH-2-CyIb()OHOBOI KUCJIOTH.

Jlns HadraneHy TEOpEeTUYHO MOXKJIMBE ICHYBAHHS JIECSTH 130MEpiB
cynbonoBux kuciaoT. Ilig yac cyiabdoHyBaHHS HadTaneHy pO3MIIIECHHS
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Cylb(orpyn mianopsaKoBYeTbCA MpaBuily ApMcrpora-BiHHa, 3rigHO SKOro
HE YTBOPIOIOTHCA CYJIb()OHOBI KUCIOTH, B SIKMX CYJb(POrpynu po3MILICHI B
opmo-, napa- 1 nepi-nojoKEHHSAX OJHA BIJHOCHO 1HINOI. BiAmoBigHO 10
bOI0 MOXIJIMBE YTBOPEHHS IIECTH 130MEpHUX HaPTaIeHAUCYIb()OHOBHUX
kuciuor (1,3-, 1,5-, 1,6- 1,7-, 2,6- 1 2,7-), Tpbox HadTaJIECHTPUCYIbPOHOBUX
kucinor (1,3,5-, 1,3,6- 1 1,3,7-) 1 1,3,5,7-HadTanenrerpacyinbGoHOBOL
KHUCJIOTH.

Hadranen-1-cynbpoHOBY KHCIOTYy OTPUMYIOTH CYJIb(OHYBAHHAM
Hadraneny moHoriaparom 3a 60°C. IIpoaykt peakiii Moxxe OyTH BUALUICHUAN
y  BUIISLAI HaTpi€BOI COJIl PO30aBIECHHSIM CyJdb(oMacu BOJOIO,
HEUTpali3alli€l0 TIIPOKCUJIOM Kajbllilo, a IOTIM KapOOHATOM HAaTpIko.
Onnak, B OuIbIIOCTI BUMNAAKIB HadTaneH-1-cyabPOHOBY KHUCIOTY HE
BUJIUISIIOTh, & PEAKI[IiHYy Macy BIANPABISIOTh Ha IOJANbIIE HITPYBaHHS.
CynbdonyBanHs HadTaneHy a0 HadpTaleH-2-CyJb(OHOBOI KHUCIOTH Ma€
Olbllle MPAaKTUYHE 3HAYEHHS, TaK SK BUKOPUCTOBYETHCSA [JISI OTPUMAaHHS
0araTOTOHHaXHOTO MPOAYKTYy — 2-riipokcuHadraneny. Cynb(poHyBaHHS
poBOIATH 3a 160-165°C 3 BUKOPUCTaHHIM KYIIOPOCHOI OJIMBH.

[lix yac cynbpoHyBaHHA 2-HAPTOJIy MOKHA OTPUMATH K MOHO-, TaK 1
IUCYJIb(OHOBI KHUCJIOTH, $KI 3HAaXOIATh IIMPOKE 3aCTOCYBaHHA. Takum
YUHOM MO’KHA OTpUMATH 2-TipokcuHadTasieH-1-Cyib(pOHOBY KUCIOTY,

SO3;H

98% H,S0, -10° OH

cyMmiml  6-riipoKkcuHadTaneH-2-CyabPoHOBOI Ta 7-rigpokcuHadTaieH-1-
cyJib()OHOBOI KUCIIOT,

OH
98% H,SO,, 60° OH

+
HO;S
SO;H
OH
+
7-rigpokcHadTaneH-1,3-11ucyab()OHOBY KHCIIOTY,
SO;H
OH OH

H,S0,, 70-80°

HO;S
3-rigpokcuHadraneH-2,7-aucyabPOHOBY KUCIOTY,
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OH OH
H,S0,, 110-120°

HO5S SO;H
Ta 1HIIII.
Cynb(oHyBaHHS Ma€ 3HaYHE MPAKTUYHE 3HAUYCHHS. BUKOpUCTOBY€ETHCS
TUTST:
- 3amMiHM cyaerpynu Ha rpynu -OH 1 -CN criaBieHHSIM BIJIIOBIAHO 3
TBEPJAUMHU JyTraMH 1 I[IaHUCTUM KaJIleM;

- cylnbdorpyny MOXHa BHUIAIATH HarpiBaHHaMm 3a 135-200°C 3
pO30aBIEHOI0 CYJIb(ATHOIO KHUCIOTOI0. Ll peakiisi BUKOPUCTOBYETHCS IS
TUMYACOBOTO OJIOKYBaHHS IEBHUX MICI[b OCH3€HOBOrO Kijblisg. Hampukmnan,
KO HEOOX1MHO OTpuUMarth 2,6-nuOpoM@eHod, TOAl JOIIIBHO CIOYATKY
cynbdponyBatu (penos 3a 100°C, npoectu OpomyBaHHs n-(HEeHOCYIH(HOHOBOT
KHUCJIOTH, a IOTIM BUJAJIUTH CYJIb(OrpyIy.

OH OH OH
Br Br
HzSO4 BrZ >
SO;H SOsH
OH
t Br Br
—_—

- cyJab(orpyrny MOKHA 3aMIHUTH JI€I0 KOHIIEHTPOBAHOI HITPaTHOI
KUCJIOTH Ha HiTporpymy. Ll peakiis BUKOPUCTOBYETHCS ISl OTPUMAHHS
MIKPUHOBOI KUCIIOTH 3 (peHomy:

OH OH OH

SO;H O,N NO,
H,SO, HNO,

SO;H NO;

2.4. [IpakTuKa HITPYBaHHA

Haiiuacrime sik HITpYIOUHil 3aCi0 BUKOPUCTOBYIOTH HITPYIOUY CYMII,
AKy TOTYIOTh 3MIINIYBAHHSIM HITPATHOI KHCIOTH 3 KOHLEHTPOBAHOIO
Cylb(aTHOIO KHUCIOTOK. YacTo BKHMBAlOTh MEJAHXK, SKUU SBIIIE COOOIO
KOHIICHTPOBAHY HITPATHY KHCJIOTY, IO MIcTuTh 7,5-9,0% cynbdaTHOT
KUCJIOTU 1 10 4,5% Boau. MEHII aKTUBHUM HITPYIOUMM PEAreHTOM MOKE
OyTH KOHIIEHTpOBaHa HITpaTHa KuCJOTa. J[0 M’SKMX HITPpYIOUMX arcHTIB
BIJIHOCSTHCS HITpaTHA KHUCJIOTa B CyMIlIl 3 OITOBOI  KHCJIOTOIO,
aleTWIHITpaT abo Oe3BOJHA HITpaTHA KHUCJIOTAa B OITOBOMY aHTIApHUAl a0o
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JBOJASIHIA OUTOBIA KUCIOTI. AUETUI- 1 OEH30UIHITpaTaMU MOKHA HITPYBaTH
I ATUYWIEHH] rerepolukin. Hailm’SKilnuM peareHTOM € TeTPaHITPOMETaH B
MIPpUJUHI, SKUM MOXHa HITpYBaTH HaBITh MOXIJHI O€H3€Hy 3 JBOMa
€JIEKTPOHOJJOHOPHUMH 3aMICHUKaMU. BukopucTtanHs TeTpadiyopodopary
gitTponiro (NO, BF;") B cynsdomani n03Boise nerko 3 Buxomamu 80-95%
OTpUMATH HITPOOEH3EH, AJNKIJTHITPOOECH3€HU, MOHO- 1 JIUTaJOr€HOHITPO-
OCH3EHU.

BaxumBum (akTopoM € TemiepaTypa HITPYBAaHHS; JJIsl KOXKHOTO
MpoIIeCy ICHY€ MaKCUMaJbHO JOIyCTUMa TeMIieparypa. Bike He3HauHe
MIJIBUIIEHHS PEKOMEHOBAHOI TEMIIEpAaTypu PI3KO MiJCUIIIOE OKHCHIOYY
JUI0 HITPATHOI KUCJIOTH, IO 3a3BUYail MPOSBISIETHCA B BUIIJICHHI OKCH/IIB
HiTporeHy. [IpakTuuHO HITpYBaHHSI MPOBOJATH ISl APOMATUYHUX CHOJYK 32
temriepatyp Big 0 mo 100°C. Peakuis ayxke ek3oTepmiyHa, MPOXOIUTH 31
3HAYHUM BUJJICHHSM Tera. [Ipu BBeJeHHI OJIHIET HITPOTPYIU BUILISAETHCS
nopsaaky 154 x/[x/mone Temna. Termo BUIAUISETHCS TaKOX IIIJI  4ac
po30aBiieHHs CyJb(aTHOI KUCIOTH peakiiiHOw Bojow. Tomy y mpoiieci
HITPYBaHHS I MIATPUMKA HEOOXIJIHOI TeMmIepaTrypu 3a0e3MeuyroTh
IHTEHCUBHUI BIJIB1/I TeIUIa 1 MOBUIbHY IpHUAady peareHtiB. [IpUCyTHICTH y
BUX1JIHI apOMaTUYHINA CHOJYIl €JIEKTPOHOAKIIENITOPHOI HITPOTPyHHU Pi3KO
3HUKYE PEaKIiiHy 3JaTHICTh II1€1 CHOJYKM B PEaKIISIX eJIeKTPO(PIILHOrO
3aMIIICHHST 1 3MEHINY€ MBUAKICTH BBEACHHS JPYroi HITpOrpynu Ha 5-7
nopsiakiB.  ToMy mig 9ac HITpyBaHHA 3a3BMYail  BHUCOKI  BUXOIHU
MOHOHITPOCIIONYK, a BUXOJM JAUHITPOCHONYK HeBenukl. Ilicis 3akiHYeHHS
HITPYBaHHA 3 pEaKUIHHOI Macu, fKa B OCHOBHOMY CKJQJA€TbCA 3
HITPOCHIOJIYK 1 BIAIPalbOBaHO! CyJIb(aTHOI KHUCIOTH, HEOOXITHO BHJLUIUTU
HITPOCHIOJIYKY 1 OUUCTUTH 1i.

s BIJIJILJICHHS PLIKHX (HITpOOEH3EH, HITPOTOJIYEH,
HITpOXJIOpOEH3eHU) a00 HM3bKOIUIABKUX (HITpoHadTaneH, JUHITPOOEH3EH,
OUHITPOXJOPOEH3€H)  MPOAYKTIB  HITPYBAHHS, SKI  HEPO3UYMHHI Y
BIJINIPAllbOBAHIN CyJlb(aTHI KUCIOTI, BAKOPUCTOBYIOTh cemnaparopu. [Homl
JUIsL  Kpalioro BIJAJAUICHHS HITPOCHONIYK PEaKIiiiHy Macy HONepeaHbo
PO30aBIISIIOTH BOAOI0. baraTto HITPOCIONYK pO3UHHSIOTHCS B KOHLIEHTPOBAaHIM
Cylb(aTHIA KHUCJIOTI 1 HE PO3YHUHSIOTBCS B PO3BEIEHIA KHUCIOTI. Taki
HITPOCTIOJIYKH, HAITPUKJIA] HITPO3aMIIeH]1 aluIaMiHuU, M1 Yac po30aBiIeHHs
peakIliiiHOl Macu BOJIOI0 BUMAJAOTh B 0CAJl 1 MOXKYTh OyTH BiI(LIbTPOBAHI.
SIKI110 HITPONPOAYKT HE BAAETHCS BUIUIMTH pO30aBICHHIM PEeaKiiiiHOlI MacH,
BUKOPUCTOBYIOTh BHCOJIIOBAHHS, JOJAlOYM B PEAKIIHHY Macy XJIOpHUJ
HaTpito, cyJbdar HaTpito 1 1Ml coui. [leit MeTos 3a3Bu4ail BUKOPUCTOBYIOTh
y pa3l BUAUICHHS HITPOCYJIb(POHUX KHUCIOT 1 HITPOKAPOOHOBHX KHCIIOT.
XJopu HaTpil0O MOXKHA JIOAaBAaTH 3a BIJICYTHOCTI B KHUCJIH Maci HITpaTHOI
KUCIOTU. JlJIg 1bOro MONepeaHbO BUKOPUCTOBYIOTH METOJ JCHITpaIii —
HarpiB po30aBJI€HOI BOJOIO peakiiiHol Macu. HailOuIbl BaXKO YaCTUHOIO
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npenapaTuBHOI poOOOTH €, 3a3BHYal, PO3AUICHHS 130MEpPHOI CyMIIII,
0COOJIMBO opmo- 1 napa-i30MepiB, AK1I 4aCTO OTPUMYIOTh y MaiKe PIBHHUX
KUTbKOCTSAX. st pO3AlIeHHS pIIKUX HITPOCHONYK, SIKI KHIUIATH 0O€3
pPO3KJIaly, MOXHa BUKOPUCTATH BAKYYM-IIEPETOHKY. [30MEpHI HITPOCHOIYKH
MOXHa PO3AUIMTH 3a JOINOMOIOK BHUMOPOXXKYBaHHS (KpUCTami3arii),
pekTudikailii, a TakoX NepeKpucTamizailii 3 po3uMHHUKA 3a YMOBH PI3HOI
PO3YMHHOCTI B HHUX 130MEpHUX HITponpoaykTiB. Jljig BUOOpY cmocoOy
pPO3IUI€HHsT HEOOXI1THO 3HAaTH (DI3UYHI BIACTUBOCTI 130MEpIB (TEMIIEpATypy
TOIUICHHS! 1 KMUITIHHS, PO3YMHHICTh), a TAKOX CKJIaJ 130MepHOi cymimm. Sk
MPaBUJIO, nApa-130MEPU MarOTh OUIbII BUCOKY TEMIEPATYypy TOIUIEHHS 1 Y
Mpoliecl KpucTaizamli BUAUISIIOTECS B TBEPJOMY BUIJISIII B MEpPUIY 4Epry.
[loenHaHHSM METOJIB MEPETrOHKU, pPeKTU(PIKALIl 1 KpUCTai3alii BIAEThCA
PO3JUIUTHU CyMIillll 130MEPHUX HITPOCIHONYK Ha IHAUBIIyaJIbHI 130MEpH.

Himpyeanns 6enzeny
HitpyBaHHsM O€H3€HYy OTPUMYIOTh MOCIHIJIOBHO HITPOOEH3€H 1 M-
JTUHITPOOEH3EH.

W
NO,

Jnst  oTpuMaHHST HITPOOEH3eHY O€H3€H HITPYIOTh HITPYIOUOIO
cymimio, ska Mictutb 0,97-1,01 mons HiTpaTHOi Kuciotu Ha | MoJb
OeH3uHy. beH3eH, Sikhil He BCTYNHMB Yy PEaKIiio (SKIIO BUKOPHUCTOBYBAJIU
HEJIOCTauy HITPATHOI KHUCIJIOTH) BIATaHSIOTH 3 BOASHOIO Maporo. HirpyBaHHS
MPOBOJATH 3a Temmeparypu peakuiiiHoi macu 50-60°C. Peakiiiiny macy
OXOJIOJKYIOTh, Ha Cemapatopl BUIAUISIIOTH CHUPHM HITPOOCH3EH, HOro
MIPOMHUBAIOTh BOJIOI0 1 HEHUTPaNi3ylOTh aMIauyHOI0 BOJOK0 ab0 KapOOHATOM
HaTpito. BBeneHHs Apyroi HITPOrpynu MNPOXOAUTH 3HAYHO BaxKye. M-
JuHITpOOCH3€H 3a3BUYail OTPUMYIOTH HITPYBAHHSM HITPOOEH3€HY abo
HITpYBaHHSAM O€H3E€HY HITPYIOUOI CyMIIIIIO, sika MICTUTh 33% HIiTpaTHOI
kuciaotu 1 67% cynbdarHoi kuciaotd. HitparHy kuciory OepyTh 3
HeBenukuM HajgumkoM (10 10%). HitpyBanns nmounnatots 3a 10-30°C, a
3akiHuyt0Th 3a 80-90°C. Otrpumanuii npoaykt Mmictutb 90% mema-, 8-9%
opmo- 1 1-2%-m napa-i3omepy. [ng po3aiaeHHS 130MEpIB  CHpPElb
00pOOJISIIOTH PO3UMHOM CYJb(ITy HaTpito. [Ipu bomy opmo- 1 napa-13omepu
MEePEXOJATh B COJII BIAMOBIIHUX CYIb()OHOBUX KHUCJIOT 1 BIAMOBIAHO B
pPO3YUH.

Na,SO
OzN ONOz L 02N O SO3Na

NO,
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Mm-JIMHITPOOEH3EH y IIMX YMOBaX HE B3aeMOAIE 3 CyJIb(ITOM HATPIIO. M-
JuHITpOOCH3€H BUKOPUCTOBYIOTH [ OTPUMAHHS M-HITPOAHUIIHY, M-
beHueHaIaMIHY, M-TUXJIOPOOCH3EHY.

TpunITpOOEH3EH NPAMUM HITPYBaHHSM HE OTPUMYIOTb.

Himpyeanuusa monyeny

Hitpytouy cymim OepyThb HHKYOI KOHUEHTpalli, HIK y BHUIAJKY
o0enzeny. HitpyBaHHs ToyeHy nounHaroTh 3a 25°C 1 3akiHuytoTh 3a 35-40°C.
[Ipu 1bOMy yTBOPIOETHCA CyMill, AKa MICTUTh 57% opmo-, 38% napa- 1 5%
mema-13oMepy. OTpUMaHy CyMill pO3JIUISAIOTh (PaKUIMHOK MEPErOHKO Y
BaKyyMi. Y pa3l HOJaJbIIOr0 HITPYBAHHS CYMIIl YTBOPIOETHCS MEPEBAKHO
2,4-TUHITPOTOJYEH.

[3 TpUHITPOTONYEHIB HAWOLIbII BaXJIUBUH 2,4,6-TPUHITPOTOIYEH
(tpotmn). [ns  HITpyBaHHS  JUHITPOTOJNYEHY JO TPHUHITPOTOIYEHY
BUKOPUCTOBYIOTh CyMIII O€3BOAHMX CYJb(ATHOI Ta HITPATHOI KUCIOT (3
HOJI[Bif/'IHI/IM HaJJIMIIKOM HiTpaTHo'l') 3a remneparypu npudanzHo 100°C.

CH;
__HNO; _HNO;
NO,
CH,
O,N NO,
. HNO3
NO,

HimpyeaHH;z X710pobeH3eHy

HitpyBaHHs XJIOpOOEH3€HY MPOXOJIUTHh B 7-8 pa3iB MOBUIbHIIIE, HIX
HITpYBaHHsA O€H3€HYy, a HITPOrpyla BCTyNa€ MEPEBAXXHO B opmo- 1 napa-
MOJIOKEHHS 10 aToMy XJIopy. HiTpyBaHHS BeAyTh €KBIMOJSIPHOIO KUIBKICTIO
HITPATHOI KUCJIOTH B HITPYIOUIM CyMIIl CKJIaJy: HITpaTHa Kuciota 35,5%,
cynbdaTtHa kucnora 52,5%, Boga 12%. HirpyBanus nounnarots 3a 20-50°C 1
3akiHuylOTh 3a 80°C. Otpumana cymim mictuth 30% opmo-, 70% napa-
130MepiB, KUIbKICTh Mema-13oMepy He nepeBuinye 1,5%. Jlns 3meHIeHHs
BUXOJY O-HITPOXJIOPOOEH3EHY HITPYBaHHS MPOBOIATH Y Bl CTAJlli: TepIia 3a
55-60°C, nmpyra — 70-75°C. OtpumaHy CyMilll PO3IUISIIOTH 3a JOIMOMOIOIO
pextudikamii 1 Kpucramzauii. n-HiTpoxi1opoOeH3eH BHUKOPHUCTOBYIOThH JIS
OTPUMAaHHS M-HITPOAHUIIHY, A-HITpOQEHOIy, n-QEeHITUAMHY 1 IHIIHX. O-
HitpoxsiopoOeH3eH BUKOPUCTOBYIOTH JJIsl OTPUMAaHHSI O-HITPOAHLIIHY.
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Himpyeanns apomamuunux aminie

AMiHOrpynia B apOMAaTU4HIA aMiHOCHOJYIl TOJIETIIYE MPOTIKAHHS
peakiii HiTpyBaHHs. OJHOYACHO MAyTh MOOIYHI MPOLECH OKUCHEHHA. KpiMm
TOro TIIiJI 4Yac HITPYBaHHS B CHJIbHOKHCIOMY CEPEJOBHIIl aMIHOrpyIa
MEepeXOoqUTh B aMOHIEBY, 110 MPUBOAUTH /10 3MIHM OpIl€HTAllll 3aMILICHHS.
ToMmy mnepen HITpyBaHHSIM aMiHOTPYIy alWJIIOIOTh 1 HITPYIOTH Bke N-
anuuiIbHE TOX1JHE amiHy. [[ns aneTuaoBaHHS BUKOPUCTOBYIOTh MYPAILIUHY
a00 OLITOBY KHCIIOTY.

NH, NHCOCH; NHCOCH;

CH;COOH _ HNO;

NH,
NaOH ©
NO,

HitpyBanns N-auuiaMmiHy @OpOBOJIATH HITPYIOUOK CYMINIIIKO B
CepeIoBUILI CYJb(PaTHOI KUCIOTH 3a HU3bKO1 Temnepatypu (011 0°C). Tak y
BUMAAKY N-aleTWJIAHUTIHY HWOro pO3YUHSAIOTh B  KOHUEHTPOBAHIN
cyibdaTHIl KUCIOTI 1 3a oxoyopkeHHs Hikde 0°C moBosi J104aroTh
HITpaTHY KucioTy. Ilpy 1pOoMy B OCHOBHOMY YTBOPIOETHCS K-
HITpoaneTraHuIig 3 aomimkow a0 10% opmo-noxigHoro. Po30aBieHHSIM
peaKIiiiHOl Macu BUAUISIOTH HITPONPOIAYKT, PO3IAUISAIOTH 130Mepu. Y n-
HITpOAICTAHUTIAl alUeTWIbHY TpyIy MOXKHA BHIAJIUTH HarpiBaHHSAM 3
PO30aBIEHOI0 KHUCIOTOK a00 JyromM. AHaJOryHO 3J1MCHIOIOTh HITPYBaHHS
IHIIMX ApOMaTUYHUX AMIHIB.

NO,

Himpyeanns nagpmaneny i nagpmanencynbgonosux kuciom

HitpyBanHs HadTaneHy MpoXOAuTh 3HAYHO JieTiie, HiK OeHzeny. Lle
3YMOBJICHO OUIBIIIO MOKJIMBICTIO JIeJIOKaIi3allii 3apsiay B G-KOMILJIEKCI.
Hadranen nonepeanpo cycneHayroTh B cyinbdarHid kuciaori 3a 30-35°C,
MOTIM HITPYIOTh HITPYHOUOK cyMimmo 3a 60-62°C, BHUKOPHUCTOBYIOUU
HE3HAYHUI HAJUIMIIOK HiTpaTHOI KUciIoTH (1-3%). [Ipy iboMy B OCHOBHOMY
YTBOpPIO€ThCA  |-HITpoHadTaneH; sk moOiyHl npoayktdn — 4,5% 2-
HiTpoHadTaneny 1 g0 3,5% 2,4-punitpoHadrony-1. Hitponpoaykt
BIIUJISIFOTh Y HAarpiTOMy CTaHl, IPOMHUBAIOTh BOAOKO 1 PO3YMHOM COJIU, MPHU
IIbOMY YaCTKOBO BIMHUBAIOTHCA 1 AoMimiku. OtpuManuii 1-HiTpoHadTanieH
MICTUTh JOMIIIKK 2-HITpOHAa(TaleHy, AKUWA y pa3l BIJHOBIEHHS A€
KaHIEpOreHHUN 2-aMiHOHadTajleH. Y Mpoleci MoJaiblioro HITpyBaHHS -
HITpoHaTaJeHy yTBOprOeTbea cymim  1,8- 1 1,5-muHiTpoHadTaneHiB.
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[3omMepH1 JuHITpOHAPTANEHM MOXHA PO3AUIMTA TEPEKPUCTATIZALIEID 3
OpraHIYHUX PO3YMHHUKIB, TaK fK |,5-AMHITpOHA(TANEH PO3UUHSAETHCS
ripure, HiXx 1,8-130Mep.

NO, O,N NO, NO;
—_— —_— +
O,N

Benuke MPAKTUYHE 3HAYEHHS MaroTh OaraTouucelbH1
HITpOHA(TaJEHCYIb(POHOBI KUCIOTH, K1 3a3BUYail OTPUMYIOTh HITPYBaHHSIM
HaTaeHCynb()OHOBUX KHCIIOT, @ HE CyJb(OHYBaHHSIM HITpOHA(TAJIEHIB.
[Ipn 1bOMY BHUKOPHUCTOBYIOTH CYMII HITPATHOI KHUCIJIOTH 1 BIANPalbOBAHOI
KHUCJIOTH, SIKa 3ajJMIIuiIacs B cyiab(omaci micis cyiab(QoHyBaHHS HadTaleHy.
3po3yMii0, 10 BBEACHHS KIIBKOX Cylb(Orpyn 3arpyaHsi€e peakiliio
HITpyBaHHA. ToMy, SIKIIO y pa3l HITpyBaHHS Ha(TaJI€eHMOHOCYJIb(OHOBOI
KUCJIOTM HAJUIMIIOK HITPATHOI KHUCJIOTH HE JOMYCKA€ThCA, TO MiJ Yac
HITpYBaHHA HaQTaleHAUCYIb(POHOBOI KUCIOTH HITpATHA KUCIOTa OEpEThCs 3
HajmikoM Outa 10%, a y Bunagaky HITpyBaHHS HadTaJeHTPUCYIb()OHOBHUX
KUCTOT — 3 HaMIIKOM 15-20%. [l 3HATTSI HaJUIMIIIKY HITPATHOI KUCJIOTH
BUKOPUCTOBYIOTH JEHITpali0. Y Tpoleci HITpyBaHHA HadTaiaeH-1-
CyJib()OHOBOI KHUCIIOTU HITPOIPYyIla BCTYIA€ B O-ITOJIOKEHHSI IPYTOro KUIbIIS 3
YTBOPEHHSIM  S5-HITpO- 1 §-HiTpoHadTaleH-1-Cynb()OHOBUX KHUCIOT Y
CIIBBIJHOIICHHI TpuOIM3HO 1:2. Po3aiiieHHs 130MepiB 3a3BUYail MPOBOISTh

I1CJIA BIHOBJICHHS.
SOs;H SOs;H O,N SOs;H

HNO,
—_—

HitpyBanHns HadTaneH-2-cynb(POHOBOI KHUCJIOTH MNPUBOAUTH  JI0
YTBOPEHHSI MPUOJIM3HO B PIBHIN KUIBKOCT1 5-HITpO- 1 §-HITpoHadTasieH-2-
cynboHoBux kucior. Ilicig iX BIAHOBIEHHS OTPUMYIOTH KucIOTH Kiiese,
K1 MO>KHA BUKOPUCTOBYBATU 0€3 PO3/I1JICHHS.
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O,N
SO;H SO;H SO;H
. O
O,N
NH, NH,
HO,S
[H] N
HO;S

Bukopucranus meToniB cyib()OHYBAaHHS 1 HITPYBaHHS B MO€JHAHHI 3
BITHOBJICHHSIM, JIY’)KHUM T1IPOJII30M J1a€ MOKJIUBICTh OTPUMATH LTy Tamy
HaIBOPOIYKTIB JJIs1 CHHTE3y OapBHUKIB.

2.5. [IpakTuKa HITPO3yBaHHSH

B peakiito HITpO3yBaHHS 37aTHI BCTyHaTH apOMAaTU4HI CIOIYKH, SIKI
MICTSITh CHJIbHI €JIEKTPOHOJIOHOPHI 3aMiCHHMKHU. [Ipu 1mpomy HiTpo3orpyrma
MepeBaKHO BCTYINA€ B napa-TIOJOXKEHHS 10 3amicHMKAa. Ha BiaMiHYy Bifg
HITPYBaHHS HITPO3YBaHHS MPOTIKAE Y BOJHOMY CEPEAOBHILI 32 HEBUCOKOI
KOHILIEHTpALlll HITPUTHOI KUCJIOTH, JDKEPEIIOM SIKOI CITY>KUTh HITPUT HATPIIO B
KUCJIOMY cepenoBulli. HiTpo3yBaHHsS BeayTh 3a Temmeparyp OJU3bKUX 0
0°C. [IlizBuiieHHs Temmeparypu HeOakaHe, OCKIIbKM TIpU  LbOMY
3MEHIIY€ETHCS BUX1J LIIBOBOTO MPOAYKTY.

Himpo3yeanns ciopokcucnonyx

[lin yac HITpo3yBaHHS (DEHOTY OTPUMYIOTH A-HITPO30(EHOI, KUl
1IGHTUYHUI OE€H30X1IHOHMOHOOKCHUMY, 110 OTPUMYIOTh Yy pa3l B3aeMOJil n-
OCH30X1HOHY 3 TiApOKCWJIaMiHOM. PiBHOBara 3wilieHa B CTOPOHY
X1HOHOKCUMHOI (opmu. [IpakTuuHMil 1HTEpeC MPEACTaBISAIOTh MPOMHUCIOBO
BAXJUBI n-HITpo3odeHon 1 l-HiTpozoHadron. [ns oTpumaHHA n-
HITpO30()€HOITY A0 BOJHOTO JYXHOTO PO3YHMHY (DEHOJATY HATPIIO, SIKAW
MICTUTh E€KBIMOJISIPHY KUIBKICTh HITPHUTY HATpPIIO, 32 OXOJIOJKEHHS MOBOJIL

MpUOaBIAIOTH CYIb(ATHY a00 XJOPUIHY KUCIIOTY.
OH OH

NaNO,, HCI

NO
KigbKiCTh KHCIOTH TMOBHMHHA OyTH JOCTaTHHOIO JJII HEWTpasizallii

BUIBHOTO JIYTY, BHUJUICHHS (EHONy, YTBOPEHHS HITPUTHOI KHCIOTH 1
MIATPUMKUA KHUCJIOTO cepefoBuiia. Hitpo3odeHnon Bumamae B ocaj, SKUi
BIA(PIIBTPOBYIOTh. AHAJIOTIYHO HITPO3yIOTh 2-HadTon. Bukopucranus
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BEJIMKOTO HAJUIMIIKY HITPUTHOT KHCIOTH MOXXE MPHUBECTH 1O YTBOPEHHS
BIJIOBIJIHUX J1a30CIONYK 3a peakiiero PomxioHosa.
OH OH

N3

NaNO,, HCl_

SOsH SO5

Himpo3zysanunsa émopunnux i mpemurHux aminis
[lepBuHHI apoMaTW4HI aMIHU TPU [1i HITPUTY HATPII0 B KUCIOMY
CEpE/IOBHIII, SIK MPaBUJIO, YTBOPIOIOTh N-HITPO3aMiHH, Kl MOTIM IIBUIKO
MIEPETBOPIOIOTHCS B COJI JI1a30HIIO.
NH, NH-N=0 N, 'HSO,

NaNO'), H')SOA > +H

Opnave, SKIIO apoOMaTUYHMA aMiH Mae€ BUIbHE aKTHUBOBAaHE napa-
ITOJIOKEHHS, TO/I YTBOPIOKOTHCS n-HITPO30aMIHH. Bropunni
KUPHOAPOMATHUYHI aMIHU II1JI Yac HITPO3yBaHHS B CEPEIOBHUILI PO3BEICHOI
XJOPUAHOI KHCIOTH CIIOYATKy YTBOPIOIOTH N-HITPO303aMillleHl, $KI B
XJIOPUJIHIM KUCJIOTI IEPETBOPIOIOTHCS B C-HITPO30CHOIYKH 3 HITPO30IPYIIOHO
B napa-TNOJI0KEHHI.

NH-CH; CH;-N-N=0 NH-CH;

HNO,
—_—

N=0

TpeTuHH1 )XKUPHOAPOMATUYHI aMIHU JAI€I0 HITPUTY HATPIIO B KUCIOMY
CepeI0BHIILII oe3rocepelHbO  YTBOPIOIOTH  C-HITPO30CHONIYKH 3
HITPO30TPYIOI0 B napa-nojoxeHHi. [IpakTuuHe 3HaYEHHSI Ma€ HITPO3yBaHHS
BTOPUHHUX apOMATHYHHUX aMiHiB, 30KpeMa audeHutaminy. Jliero HITpUTy
HATpPII0 B BOJHOMY CepeJIoBUIII B Cyib(paTHii kucaori 3a 18-20°C Ha po3unH
nudeHIaMiH B 1300y THUIIOBOMY CIUPTI YTBOPIOETHCS N-
HITpO30U(EHIaMIH, SKUW MiJ JIE0 XJOPUAHOI KHUCJIOTHU B METHJIOBOMY
CIIUPTI NIEPETBOPIOETHCS B n-HITPO30AU(EHIaMIH. n-HiTpo303aMillleH1 JIETKO
TIAPOTI3YIOThCS — MMIA  J1€0  JIYTY 3 YTBOPEHHSM  BIANOBIAHHUX
T'1JIPOKCUTIOX1THHX.

+

N:
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2.6. [IpakTuKa XJIOpyBaHHSHA

VY Hair yac peakuis XJIOpyBaHHs, OPSJT 3 PEaKiisiMU CyIb()OHYBaHHS 1
HITPYBaHHS, € OJJHUM 3 OCHOBHUX METO/IIB BBEJICHHS raJIOT€HY B apOMaTUUHY
CIIOJIYKY, $IKI BUKOPHCTOBYIOTh Ha BHPOOHHUITBI. Peakiiis 3amMiHU aTOMIB
TAPOIeHy OPraHIYHUX CIIOJYK HA aTOMH XJIOPY HAa3UBAETHCS XJIOPYBAHHSM.

RHX + XC12 — RCIX + xHCl1

XJOpyBaHHIO TMIIJAI0Th O€H3€H, TOJNYEH, KCWJIEH, HITpPO-, aMIiHO-,
TIAPOKCUCTIONYKUA. KpiM BUIBHOTO XJIOpYy I pEakilii BUKOPUCTOBYIOTH
TIIOXJIOPUT, TIAPOIEHXJIOPU Y MPUCYTHOCTI OKUCHUKIB, CYIbPYpUIXIOPHI,
XJIOPAHTIAPUIA HEOPTraHIYHUX KHUCIIOT.

EnemeHTHHI XJIOp Ha XOJIOJ1 B TEMpsIBI 3a BIACYTHOCTI KaTali3aTopa
HEe pearye 3 O€H3€HOM, HOro IrOMOJIOTAMHM 1 IHIIMMH apOMaTUYHUMHU
crionykamu. Ilig gi€ero cBiTia 3a BiACYTHOCTI KaTajizaTopa OEH3€H B3a€EMO/IIE
3 XJIOPOM; IIPH [IbOMY NMPOXOIUTH MPUEAHAHHS XJIOPY, @ HE 3aMIIICHHS aTOMY
BOAHIO. Y MPUCYTHOCTI Karaji3aropa ije 3amIlIeHHs aTOMy TIApOIeHy B
apoOMaTHYHOMY SJIpl 3 BUJAUICHHAM Tiaporenxnuopunay. Ilig giero xjopy Ha
rOMOJIOTH O€H3€HY, HaIlpUKJIaJ TOJYEeH, MOXKJIMBE 3aMilIeHHS aToOMY
TIAPOIeHy fAK B apOMaTUYHOMY SApl, Tak 1 B OIYHOMY JIAHLO3L.
KaramizatopoM npu 3aMillleHHI B apOMaTUYHOMY SIAP1I MOXYTh CIYXWTH
xynopua depymy(Ill), fiox, xmopua amOMiHIIO, OKCHJI allIOMIHIO, Cylb(aTHa
KkucioTa 1 T.11. Hailduibl mupoke npakTuyHe 3acTocyBaHHs 3HanoB FeCls.
3a3BUuYail y peaklil0 BBOJSATH METAIIYHE 3al130 Y BUIVISAL CTPYXKKH abo
OOpI3KIB YOPHOI JKECTI; MiJ Yac PeaKiiii 3 XJIOPOM BOHO MEPEXOJUTD Y XIJIOPH/T
depymy.

BukopucranHs METOIIB XJIOPYBaHHSI ApOMaTUYHUX CIOJIYK OOMEKEHO
TAM, 10 OUIBIIICTh AapOMAaTUYHHUX CHOJNYK Jla€ CyMIIl NPOAYKTIB
XJIOpYBaHHS, SIKI JOCUTh BaXKO po3aumth. Ilpu ranoreHyBaHHI
ANKUIAPOMATUYHUX  CIOJYK HEOOXIAHO, KpIM TOro, paxyBaTHcs 3
MOXJIMBICTIO KOHKYPEHTHOI PEaKilii paJiMKaJlbHOrO 3aMIIlICeHHs B OOKOBHIA
JAHIIOT.

3a BifiCyTHOCTI KaTai3aTopa, o CIpHse yTBopeHH:o Kartiony Cl', ane
M Ji€0 KBAHTY CBITJIa (JIaMII, COHSIYHE CBITJI0) HE3aMIIIECHI apoMaTH4HI
CIIOJIYKH 3JIaTHI MPUETHYBATU XJIOP 3a BUIBHOPAIUKAIBHUM MEXaHI3MOM. Y
BUIAJIKY OCH3EHY:

Cl Cl

O = g

Cl Cl
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Skiio y BIJICYTHOCTI Karaji3aTopa Ha CBITJII XJIOPYBATH apOMATHYHI
CITOJIYKH, 1110 MarOTh O1YHUH JIAHITIOT, TO TPOXOJUTH 3aMIIIECHHS T1IPOTEHY B
OlyHOMY naHu}ory, a SIIPO HE 3aY1MAETHC:

CH,Cl CHCl, CCly
D= 0= 0= C
TOJyeH XJIOPUCTHUHM OCH3UI  XJIOPUCTHM OCH3WIIIEH  OCH30TPUXIOPHU]T
Xnopysanmus benzeny

VY mporneci XJ0opyBaHHS OEH3EHY YTBOPIOETHCS XJIOPOOCH3EH, SIKHIA
3MaTHUW  XJIOPYBaTUCS 3 YTBOPEHHSAM JUXJIOPOOEH3EHY. YTBOPEHHS
IUXJIOpoOeH3eHy npoxoauTh B 8-10 pas3iB MOBUIBHINIE, HIX YTBOPEHHS
xJ0poOeH3eHy. TakuM 4MHOM, MPOXOJIUTH THUIIOBA IOCIIIOBHO-IapasielibHa
peakiis. bynmo BuszHadeHo, mo 3a 25°C MakcuMallbHa KOHIIEHTpAIIis
XJ0pobeH3eny ckianae 74,6%, npu 11bOMy B peakiliiiHiid Macl 3aJUIIAEThCS
5,8% BuxigHOro 6eH3eHy 1 yrBoproerbcs 19,6% muxiopodenseny. Tomy mifg
yac XJIOpyBaHHS O€H3€HY JOBOAUTHCA 3YIUHATH PEaAKIil0, KOJW 3HAYHA
KUIBKICTh XJIOPOOEH3EHY 3aIMIIAETHCS HEMpopearoBaHow. Peakilito BeayTh
3a Temneparypu 75-95°C y npucytHocTi Karamzaropa xjaopuay dhepymy(III).
benseH, skuil He BCTYNMB B pEaKIllO, BIAIUIAIOTH Bl XJOPOOEH3EHY 1
MOBEPTAIOTh Y 30HY PEaKIIii.

Jist oTpuMaHHS XJOPOOEH3€HY B HPOMHUCIOBOCTI BUKOPUCTOBYIOTH
TaKOK METOJ OKHCHIOBAJILHOT'O XJIOPYBaHHS, SIKE MPOBOAATH B MapoBiil (a3l
HaJl KaTajli3aTopoM 3 BUKOPUCTAHHSM B SKOCTI XJIOPYIHOUOI'O areHTy
TAPOTEHXJIOPUIY 1 KUCHIO TOBITPSL.

[TigBuIIeHHS TEMIIepaTypu MIPU3BOJIUTH 10 YTBOPEHHS

MOTIXJIOPTIOX1THUX.
Cl

Cl
_Ch
Cl /
—
Cl

\fj X

Xnopysanns 3amiujeHux OeH3eny
deHoN  XJIOpYeThCs JieTKo. MoHoxsiopodeHoa 1 HWOro romMosoru
OTPUMYIOTh JI€I0 M’ SIKOT'O XJIOPYIOUOTO areHTa CyJlbQypuiIxjiaopuay. Y pasi
NMOBUIbHOI npujaul 10 ¢enony 3a 40°C cynpdypuinxiiopuay 3 HACTYIHUM
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HarpiBaHHsM 3a 85°C OTpUMYIOTH CyMIII opmo- 1 napa-13oMepiB (Oiybiiie
napa-13o0Mepy), SKy PpO3IUIAIOTh TMEperoHkoro y Bakyymi. Ilig wac
xjopyBaHHs (deHony xsopoMm 3a 45-50°C yrtBOproerbes 2,4-auxyiopdeHo,
AKUN y pa3i TpuBaIioi o0poOku xjopom 3a 50-65°C nerko yrBoproe 2,4,6-
TPUXJIOPOCH3EH, SKUM y TpOILECl MOAAIBIIOrO XJOPYBaHHS B PO3YHHI
MOHOT1IpAaTy 1 XJOPCYJIb(POHOBOI KHCIOTH TNEPETBOPIOEThC B 2,3,5,6-
TeTpaxJiop-1,4-0eH30X1HOH (XJIOpaHiI):

OH OH OH O
© Cl Cl Cl Cl Cl
by b, Clh,
e
Cl Cl O

AHUIIH B3a€MOJI€ 3 XJIOPOM TakoX Jierko. i XJopy Ha aHUIH B
HEBOJIHOMY PO3YMHHUKY MPUBOAUTH N0 2,4,6-TpUXJIOpaHUIIHY. Y BHUIAJKY
MPOBEACHHS pPEaKilli B BOJHOMY CepeAoBHINl KpiM 2.4,6-TpUXJIOpaHUIIHY
YTBOPIOIOTHCS 3a0apBiICHI TPOAYKTH OKMUCHEHHS.

HitpozamiilieHi apoMaTvyHi aMmiHU TJIAJIKO XJOPYIOThCS B KHUCJIOMY
cepeloBHILl 0€3 MOoNepeaHboro auuiatoBanHs. Tak, y mpoieci A0JaBaHHs 10
CYCII€H31i #-HITPOAHUIIHY B XJIOPHUIHIN KUCIIOT1 XJIOPY YTBOPIOETHCA 4-HITPO-
2,6-TUXJIOpAH1IIH:

NH,

NH,
Cl Cl
Cl,
NO,

NO,
{0 crmoayky MOXHa OTPUMATH TaKOX JI€I0 XJOpYy Ha 2-aMiHO-5-
HITpOOEH3€eH- | -CyIb(POHOBY KUCIIOTY; TIPU LILOMY CYJIb(OrpyIa 3aMillyeThbCs
aTOMOM XJIOPY.
NH, NH,

SO;H Cl Cl
Cl,

XnopyBaHHs HaTaJleHy IIBU/IIE TPOXOAUTH B |-1OJI0KEHHS, HIXK B 2-
nosioxeHHs. ExBiBajgeHTHa KUIbKICTh XJI0py y npucytHocTi FeCls 3a 100°C
MPU3BOJIUTH O YTBOPEHHS 3 BUXOJOM 75% IPOJYKTIB MOHOXJIOPYBAHHS, JI€
KUIBKICTB 2-XJIopoHadTasieHy He nepesuirye 10%:

Cl
Cl
- XD -
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Opgnak  130MepHI  TaJOr€HOMOXIJHI, $KI HE  YTBOPIOIOTHCS
0e3nocepeIHO MiJ 4Yac XJIOPYBaHHS a00 YTBOPIOIOTHCS B HE3HAYHIM
KIJIBKOCTI, 4YacTO € I[IKaBUMU. AJie 130MepH3alli€l0 JErKOJOCTYIHUX
XJIOPO3aMIIIEHUX MOYKHAa OTPUMAaTH BaXXKOAOCTYIHI i3omepu. Tak, o- 1 n-
IUXJIOPOOEH3EHU B MPUCYTHOCTI XJIOPUCTOTO AJTIOMIHIIO 1 TIAPOIEHXJIOPUILY
3a MIABUIIEHOI TEMIEPAaTypH 130MEPU3YIOThCS B M-AuxJyiopOen3eH. 3a 160°C
YTBOPIOETHCSA PIBHOB@XHA CyMill, ska MICTUTh 54% wmema-, 30% napa- 1
16% opmo-130Mmepy.

1-Xnoponadranen 3a 20-50°C B NpUCYTHOCTI XJIOPUCTOTO ATIOMIHIIO
130Mepu3yeThesl B 2-xyiopoHadTasieH. binbin riagko i3oMepu3allisi NpoTiKae
HaJl aJTIOMOCHJIIKATHUM KaTaji3aropoM ab0 B MOTOIl T1APOICHXJIOPUIY HaJ
OKCHJIOM aJlioMiHit0. BMmicT 2-xoponadraneny B cyminii ckiaaae 55-60%.

bpomyeanns

Y BUpOOHWYIN MpakTHIll OpOMYBaHHS IMPOBOJATH B 3HAYHO MEHIIMX
MaciuTadax, HiX XJIOpyBaHHs. YUepe3 BUCOKY BapTICTh OpoMy, KWW 3HAYHO
JIOPOKUYUN 3a XJIOp, MPOIIEC HAMAararThCs MPOBECTH TaK, 11100 po3xij OpoMy
OyB MIHIMAJIbHHMIA. 3 MI€I0 METOI B PEaKIIiiHy Macy BBOJSATH OKHCHHK
(XJ10p, TIMOXJIOPUT HATPIIO) JI MEPETBOPEHHS TiaporeHopomiay B Opom. Y
MIPOMUCIIOBOCTI OpOMYBAaHHS BUKOPUCTOBYIOTH JUIsi OTPUMAHHS ILIIHHUX
raJoreHOIIOX1THUX.

2.7. IlpakTuKa BiIHOBJICHHHA

BigHOBIEHHS apOMaTUYHUX HITPOCHONYK - 1€ OJMH 3 OCHOBHHX
METOJIB OTPUMAaHHS apoOMaTUYHUX aMiHIB. ApPOMATHYHI aMIHOCHIOJIYKHU
BUKOPHCTOBYIOTh B CHMHTE31 BCIX KJIACIB OpraHiyHUX OapBHHKIB. Y MpPOIEC]
BIJIHOBJICHHA apOMaTUYHUX HITPOCHOIYK MOXE€ OyTH  OTpUMAaHUl psn
MPOAYKTIB: HITpo3omoxigHi (1), TiApoKCUIaMIHOCTOIYKH (2), a30KCUIIOX1AH1
(3), azocmonyku(4), rigpaszocnonaykud (5) 1 aminu (6). Hampsimok peakinii
BIJIHOBJICHHSI 3aJICKUTh SIK BiJ MOPUPOAX BiJHOBHHUKA, TaK 1 BiJI YMOB
B1IHOBJICHHA

n-HO,SArNH, n-HOATrNH, n-CIArNH,

|
ArNO, — ArNO (1) — ArNHOH (2) —= ArNH, (6)

+_
Ar—I}J:N—Ar (3) —= Ar—N=N-Ar (4) — Ar—ITI—ITI—Ar 5)
O H H
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BB  yMOB BIZHOBJIEHHS Ha MOro pe3yJbTaTH MOSCHIOETHCA
OaratocTtafiiHICTIO IIbOTO Tporecy. Ili yac BIAHOBJIEHHS YTBOPIOKOTHCS
apWIT1IPOKCUIIAMIHM, SIK1 € HaA3BUYAITHO PEAKIIMHO 3JJaTHUMH MIPOAYKTaMH,
110 CIPOMOXKH1 B3a€EMOISITH HE TUIBKH 3 BITHOBHUKOM, aJi€ 1 3 IPUCYTHIMU B
peakiiiiHii Maci HiTpo3ocnionykamu. Kpim Toro, 3anexHo Big pH
Cepe/loBUIlla 1 TNPUPOJM  BIJIHOBHUKA  APWITIJIPOKCWIAMIHK  3J]1aTHI
3M1MCHIOBATH Pi3HI MEPETBOPEHHs. Y pa3l BIJHOBJICHHS METAJlaMH B
cyib(aTHI KHUCJIOTI apUITIAPOKCUIIAMIH 3JaTHUM MEpPETBOPIOBATHCS B
aMIHOT1APOKCHUCIIONYKHA, TOOTO OJHOYACHO 3 BIJHOBJICHHSAM HITPOIPYIHU B
MOJIEKYJIYy BBOAMTBCS Tiapokcurpyna. Ilin 4dac BIJHOBJIEHHS MeETallaMH B
XJIOPUJIHIM KHUCJIOTI YAaCTO YTBOPIOKOTHCS XJIOPO3aMillleHl aMiHU, TOOTO KpiM
YTBOPEHHSI aMIHOTPYIIU B SIPO BCTYMAE XJIOP.

BigHOBIEHHS HITPOCHONYK JO aMIHIB MPOXOJIUTh TJIAJKO B TOMY
BUIAJIKY, KOJIM IIBUAKICTb NEPETBOPECHHS apWITIIPOKCUIAMIHY B amiH
3HAYHO BWIIA BIJ IMIBUIKOCTI IHIIMX peakiiil apuirigpokcuiaminy. lle
CIIOCTEPIraeThCs y BUIAJKY BIJHOBICHHS HITPOCHOJNYKHA 3alli30M B
MIPUCYTHOCTI PO3YMHIB EJICKTPOJITIB, a TaKOX MiJl Yac BIIHOBJICHHS
HITPOCIHONYK CyJbdIiTaMd METAIB Yy JY)KHOMY CEPEIOBUII, 3aJ1130M Yy
CUJIBHOKHUCIIOMY cepefnoBulll. OgHak y pa3i BIJHOBJIEHHS HITPOCIOJIYK
MeTajaMy (LMHKOM) B JIY’)KHOMY CEpEIOBHUIIl IMIBHUJKICTh IEPETBOPEHHS
apWITIIPOKCUIIAMIHY B aMiH 3HAYHO MEHIA, HDK IIBHJAKICTh B3a€MOJIII
aApWITIIPOKCUIIAMIHY 3 HITPO30CIOIYKOK 3 YTBOPEHHSM a30KCHCIOJYKHU.
ABOKCHUCIIONyKa, sIKa YTBOPIOETbCS B TakOMYy BHUIAAKy, Haaaml
BIJTHOBJIIOETHCS 10 a30- 1 TIPa30CHOIyK.

Bionoenenns 3anizom 6 cepedosuwyi enexmpoimy

Merto/1 BITHOBJIEHHSI HITPOCIIOIYK J0 aMiHIB JII€10 3aJ113a B CEPEAOBUIII
CJEKTPOJITY € OJHUM 3 OCHOBHHUX TEXHIYHHMX CIIOCOOIB OTPUMaHHS
apomarnuHux amiHiB. Peakuis Oyna Binkputa B 1854 poui ¢paHiy3bkum
xiMIKOM AHTyaHOM bemanom. [ mboro MeTroay XapakTepHi: BUCOKUU
BUX1J LIJIOBOIO MPOJYKTY, BIJICYTHICTh MOOIYHHUX MPOAYKTIB, JEIIECBU3HA
BIJITHOBHHUKA 1 ITPOCTOTA TEXHOJIOT'TYHOTO 00JIaTHAHHS.

Ak enextpomt BUKOpUCTOBYIOTH coii (epymy(Ill) (xmopua, auerar,
dbopmiar), coni amoHit0 (cynbdar, XJOpHJI), 1HKOJIW XJOPHJ HaTpito 1
cynbdhar depymy(Il). 3a3Buyail 10 BOJHOrO PO3UMHY EJIEKTPOJITY 3a
HarpiBaHHd 1 PO3MIIIYBaHHS JOOABJISIIOTH 3ali30 Y BUIVISIAL CTPYKKH 1
HITPOCHIOJIYKY Ta HarpiBarOTh peakiiiiHy Macy A0 TeMIIepaTypH KHUIIIHHS.
[HOMI eJIeKTPOJIIT TOTYIOTh O€3MocepeHhO B amapaTi JJisi BlJHOBJICHHS
00pOo0OKOI0 3aJ113a XJIOPUIHOIO, OLITOBOIO 200 MYpaIlIMHOIO KUCIOTOIO.

Fe + 2HCI] - FCC12 + H2
Ile mporec mpoTpaBieHHs 4YaByHY (ciporo). 3epHuUcTa OyJa0Ba 301IbIIYyE
MTOBEPXHIO pPEaKIiii.
Kinbkicte enektpomiTy 3a3Buyaii ckiamae 0,1-0,2 mom Ha MOb
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HITpoCcNoayKu. HaliBuia MBUIKICTH BIJIHOBJICHHSI CIIOCTEPITaeThCs y pasi
BUKOPUCTAHHS XJIOPUAIB aMOHIIO 1 pepyMy, AEHI0 MEHIIA IIBUIKICTh — ]I
yac BUKOPHUCTaHHS Cyib(ary aMoHII0. Y peakuiiHii maci BUIbHA KUCJIOTA
BIJICYTHSL 1 BIJIHOBJICHHA MPOXOJUTh B HEUTpadpbHOMYy a00 HaBITh B
c1a00Ty’)KHOMY CEpElIOBHILl, B OCHOBHOMY Ha TIOBEpXHI 3aji3a.
Po3paxyHkoBe pIBHSHHSI peakiiii BIJHOBJIEHHS apOMATHUYHHUX HITPOCIOJIYK
3aJ1130M B IPUCYTHOCTI €JIEKTPOITY MA€ BUTIISIL;
4ArNO, + 9Fe + 4H,0 — 4ArNH; + 3Fe;04

BigHOBIEHHSIM  HITPOCHOIYK YaBYHHOIO CTPYXKKOKO B  CEpEJIOBHIIII
€JIEKTPOJIITY OTPUMYIOTh O- 1 n-TONYIANHH, O-XJIOPAHUIIH, 2,5-1UXJIOPaHLIIIH,
N-aner-n-penuienaiamin, n-QeHineHaiaMida, m-benineraiamin. Hemomikom
METOJy BIAHOBJICHHSI 3aJlI3HOI0 CTPYKKOIO € HEOOX1JHICTh YTHJII3allli
3QJII3HOr0 1IamMy, SIKMH 3a0pyaHeHuil amiHamMu. Tomy Temep Iied MeTon
MOCTYMAETHCS METOY KAaTAIITUYHOIO BIIHOBJICHHS BOJIHEM

RNy S g

n-TOJIYIUH
NO, NH,
e ¢
Cl
NO, NH2
[H] |
OCH; OCH;
0-aHI30]1 0-aHIBUINH

CH3CONHON02 M, CH3CONHONH2

N-aner-n-henueHaiamin

NH,
- Q)
SO;H SO;H

M-HITpoOeH3eHCYIb()OHOBA KUCIIOTA

NO,

Bionoenenns pozuunamu cyno@iois y 1ysHcHOMY cepeoosuuyi

BigHOBNEHHS apOMaTUYHUX HITPOCIONYK PO3YMHAMHU CYJb(QIJIIB
ICTOpUYHO HaicTapimnii Metoj BigHOBiIECHHS. Y 1842 pomi 3iHiH BHepiie
OTpUMaB aHUIIH 3 HITPOOEH3€HY 3 BUKOPUCTAHHAM CYJIb(1y aMOHIIO.

Sk BIAHOBHUK BHKOPHUCTOBYIOTH CYJIb(Dil HaTpito, TiApOCyIbdis
HaTpito 1 nodicynaedian Harpiro NaoS, (n= 2; 2,5; 3). BigHosmroroua mais
I'PYHTYETHCS Ha 3AaTHOCTI CYJb(iIIB HATPII0 OKUCHIOBATUCH 3 YTBOPEHHSIM
TiocysbdaTiB Na,S;0s3. ¥V 1u- 1 TpUHITPOCTIONYKAaX BOHU BIAHOBIIOIOTH JIMIIIE
OJIHY HITPOTpYIly, TOMY iX 3aCTOCOBYIOTb JIJI1 YACTKOBOI'O BiJTHOBJICHHSI:
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ArNO, + 4Na,S + 4H,O — ArNH, + Na,S; + 6NaOH
5ArNO, + 3Na,S; + 6NaOH + 2H,O — 5ArNH, + 6Na,S,0;
4AI'N02 + 6NaQS + 7H20 - 4AI'NH2 +3Na2$203 + 6NaOH
4ArNO, + 6NaHS + H,O — 4ArNH, + 3Na,S,0;3
ArNO, + Na,S, + H,O — ArNH, + Na,S,0;3
ArNO, + Na,S; + H,O — ArNH, + Na,S;03 + S
[Tomicynb(ign OoTpUMyIOTH 13 Cyidb(igy HArpiBaHHSIM MHOro 3 TOYHO
PO3pax0BAHOIO KUIBKICTIO CYIbDYpY:
Na,S + (n—1)S — Na,S,
[Ipu BUKOpHUCTaHHI TIAPOCYIb(ITy HATPIIO OTPUMYIOTH M-HITPOAHIIIH,
2-amMiHO-4-HITPOPEHOII, MKPAMIHOBY KUCJIOTY:

NO, NH,
Q,, =
NO, NO,
OH OH
NO, NH,
[H] |
NO, NO,
OH OH
O,N NO, O,N NH,
[H] |
NO, NO,

MIKpaMiHOBa KUCJIOTA
[IpakTUYHO BIJHOBJICHHS MPOBOJATH NUISIXOM IpHJIadl JO Harpitoi
CyCIEeH31i HITPOCIOIYKHM y BOJl 3a CHJIBHOro mnepemimryBaHHa 15-25%
po3uuny cynb®dingy. ns moBHOro BimHOBiIEHHsA OepyTh 20-50% HamIMIIKY
cynb(diny. BigHOBIEHHS TMPOTIKAE B JOCTATHHO CHIIBHOMY JIY>KHOMY
cepenonuiii. Temneparypa 80-90°C, inomi 100-120°C.

Bionoenenns cynogpimamu

VY pa3i BIAHOBJICHHS apOMaTUYHUX HITPOCHOIYK Cylb(piTamMu MOpsy 3
YTBOPEHHSIM aMIHOTPYIH B apOMaTUYHE PO BCTynae cyiabdorpyma. Tomy B
peaKIiitHIi CyMIIl KpiM aMiHy PUCYTHI aMiHOCYJIb()OHOBI KUCIIOTH, a 1THO/I
HaBITh aMIHOJUCYIb()OHOBI KUCIOTH. SIK BIJIHOBHHK BUKOPUCTOBYIOTH KUCIII
1 cepeaHi codil cynb(pITHOI KUCIOTH (TiapocynbdiTu 1 cynbditn). HasBHICT B
apOMaTHYHOMY SIAP1 HITPOCIIOIYKH €JIEKTPOHOAOHOPHUX 3aMICHUKIB CIIPUSIE
YTBOPEHHIO aMIHIB, a EJIEKTPOHOAKIIENTOPHUX 3aMICHHUKIB a00 CHUCTEMH
KOHJICHCOBAHMX  apOMaTUYHUX KIJEHb CIpPUSAE€ YTBOPEHHIO  aMiHO-
CyJIb(OHOBUX KHUCJIOT. 30Kpema MijJ 4Yac HarpiBaHHA M-TUHITPOOCH3EHY 3
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pPO3YMHOM CyJIb(ITYy HATPII0 Ta HACTYIIHUM KHUII SITIHHAM YTBOPEHOI'O
pPO3YMHY B SIKOCTI OCHOBHOTO MPOJYKTY pE€akili OTPUMYIOTh 4-aMiHO-2-
HITpOOEH3€eH- 1 -CyIh(DOHOBY KHCIIOTY.
SO;H
NO, NO,
[H]

—_—

NO, NH,

[apocynbiT HATPil0O BUKOPUCTOBYIOTh Yy BHUPOOHMUITBI 4-amiHO-3-
rigpokcuHadraneH-1-cynbponoBoi kuciotu (EXT x-tu). VY npouect
B3aeMOJli 2-TiApOKcH-1-HITpo3oHadTameH 1 TriapocynbdiTy HaATpito (He
MeHmie 2 Moib) 3a 5°C 3 HACTYNHHUM IMIJIKHUCICHHSIM pEaKIIMHOI MacH
cylb(aTHOIO KHCIOTOO 1 HarpiBaHHsAM 110 50-60°C otpumyrots EXT k-Ty:

NO NH,
OH OH
O NaHSO4
SOsH

Bionoenenns memanamu 6 nyscnomy cepedosuyi
BigHoBieHHs MeTallaMH B JIy>)KHOMY PO3YMHI NPUBOJUTH JO a30KCH-,
a3o- 1 rigpazocnoiiyk. Ha mpakTuill BUKOPUCTOBYETHCS BlIHOBJICHHS
HITPOCTIOJIYK IMHKOBUM MHWJIOM y CEpEIOBUIIII TiApoKkcuay HaTpito. KinbKicTh
LUHKY, KU OepyTh Ha peakuito, Ha 10-15% nepeBuiye Teopernuny. Xou
3a pIBHSHHSIM peakuii JIyI HE BUTPAYAEThCS, HAa MPAKTHUI[l HOTrO BUTpATa

ckiagae 0,1-0,2 Mo Ha MOJIb HITPOCTIOTYKH.

2AINO, + 57Zn + H,0 —Y29H. A :NH-NHAr + 5ZnO

KiHueBuM mpoOAyKTOM BIJHOBJIEHHS € T1Ipa30oCIoilyKa, sKa 3a3Hae
OCH3UJIMHOBOI'O TIEPErpynyBaHHS 3 YTBOPEHHSAM JAiaMiHy psxy Oidenimy.
[leperpynyBanHsi  3AIMCHIOIOTH MiJ JI€I0 XJOPUIHOI abo0 cynbdaTHOT
KUCIOTH 32 mnoHmwkeHoi Ttemneparypi (0-5°C). OCHOBHHUM TPOIYKTOM

neperpynyBaHHs € 4,4'-a1aMiHONIOX1HE:

ArNH-NH-Ar — > HN-Ar-Ar-NH,

Kamanimuune 6ionoenenns 6oonem
Katamituane BITHOBJICHHS BOJHEM JUIS OTPUMAaHHS apOMaTHIHHUX
aMiHIB HaOyBa€e BCE OUIBIIOTO 3HAYEHHSI 1 BUTICHSAE B PsJil BUIIAJKIB SK
BIIHOBJICHHSI YaBYHHOIO CTPY)KKOIO B CEpPEJOBMIINI €JIEKTPOIITIB, TaK 1
BIJIHOBJICHHS CYJb(11aMHd METAIIB.
[lapodazHe  BIAHOBJIEHHS  BUKOPUCTOBYIOTH  JJIA  OTPUMAaHHS
0araTOTOHHaXKHUX MPOAYKTIB.
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KaTajuizarop

AI'NOQ + 3H2 - RNH2 + 2H20

VY Takux mponecax HITPOCHOIYKA BHUIAPOBYETHCA, 3MIIIYETHCA 3
HAJIJTMIIIKOM BOJHIO 1 MPOIMYCKAEThCS Yepe3 KOHTAKTHH amapar, 3all0BHEHUN
TBEpAUM  KaTtajizaTopoM. Ilporec BIJHOBJIEHHS 1€ Ha IOBEPXHI
KaTajgizaropa /10 MOBHOIO MEPETBOPEHHS HITPOCHOJYKH B aMiH. PeakiiiiHe
TEIUIO BIABOIMUTHCS a00 HAIMINKOM BOJHIO, a00 TeIuioHiicieM. Peaxiniiifi
ra3d OXOJO/UKYIOTbCS, aMIH KOHJEHCYEThCS, a HAJUIMIIOK BOJHIO
MOBEPTAETHCA B UKI. KaranizaTopoM MOXKYTh CIYKUTH aKTUBOBaHI CILJIaBU
HIKOJIy, aJllOMIHIIO, BOJb(paMy, KyIpymMy HAHECEHI Ha OKCHUJ CLUIIIIIO.
Haiikpammii — Kyrpym, Tak sIK 0oro Jist HOIMPIOEThCs TUbKK Ha NO,-rpymy,
HE 3a4inaroyu apoMarudHoro siapa. Ha maHoMy karasmizaTopi nepeTBOpEHHS
HITpOOEH3eH — aHiIiH nouyuHaeTbes 3a 230°C, poboua temmneparypa — 300-
400°C. Buxia aHUTIHY CTaHOBUTH 98%.

Jl1st 301IbIIEHHS KOHIIEHTpAIlii BOJAHIO B CUCTEMI MPOLIEC MOXKHA BECTH
Ml TUCKOM B aBTOKJaBax. HiTpocnonayky, 3wmimiaHy 3 TBEpIuUM
KaTajai3aTopoM, OOpOOJISIOThH 1] TUCKOM JO0 3yNMUHKHU TMOTJIMHAHHS BOJIHIO.
[licia BIACTOIOBAaHHA YTBOPEHOrO aMiHy BIJ  KaTami3aTopa MHOro
BIJICMOKTYIOTh 1 OUMIYIOTh. Karamizarop — MeTaiyHuid HIKOJ (MOXIHUBO Pt,
Pd).

BUKOPHCTOBYIOTh TaKOX Hikon Peest. loro orpuMyroTh, 06po6isiodn
cron Ni—Al ifkumM HaTpPOM 10 TOBHOTO OJIY’KHEHHS amoMiHIio. OTpumaHui
Ipyu [bOMY ApIOHONMOAPIOHEHWI HIKOJI Ma€ BEJIMKY IOBEPXHIO 1 IyXkKe
aktuBHUM. KaramizaTop 30epiratotrh i1 BOJO0 a00 CIIUPTOM.

2.8. [IpakTuka 3aMileHHs cyJab(orpynu

2.8.1. Jly>xHuil T11poIi3 apOMaTH4YHHUX CYJIb(POHOBUX KUCIOT

VY 1864 poui [ro3ap, Bropir 1 Kekyne (He3aneKHO OJMH BiJl OJTHOTO)
MOoKa3aJiy, 10 MiJ JII€F0 PO3TOIICHOTO JIYT'y Ha O€H3EHCYIb(POHOBY KUCIIOTY
MPOXOAUTH 3aMIIIECHHS CYIb(OrpyIl FAPOKCUIOM 1 YTBOPEHHS (DEHOIMTY.

ArSOsNa + 2NaOH — ArONa + Na,SO; + H,0O

JIisi IbOrO BUKOPHUCTOBYIOTH TIAPOKCH]I HATPIO, TIAPOKCHI KO 1
TIAPOKCUJ Kalbllilo (B psly aHTpaxiHOHY). HaluacTiimie BUKOPHUCTOBYIOTH
inKui HATp, K OLIBII JCIICBUMA, X04a 1 MEHII peakiiiHo3naTaui, Hixk KOH.
VY neskux Bumaakax BukopuctoByroTh cymim NaOH 1 KOH, sxa mae 01b1
HU3bKY TEMIEPATYPY TOIUICHHS, HIK KOXHHUW peareHT OKpeMoO (ton, NaOH
328°, KOH 360°C), mo mA03BOJIIE BECTH IIPOIEC 3a OLIbII HU3BKHUX

TEMITIepaTyp.
JIy>xHe T1ApOoJIi3 MOKHA 3/IIMCHUTHA TPhOMA METOIaAMU:
1) 3a arMocdepHOro THUCKY — TakK 3BaHE BIIKPUTUN JTy>KHH
TApOi3;

2)  aBTOKJIABHMI JIyKHUU T1ApOJIi3 (BUKOPUCTOBYIOTh BOJIHI PO3YMHU
JYTiB). 3aCTOCOBYIOTh 1€ CHociO 3a HasgBHOCTI B apOMaTUYHIN CIOMYII
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JIEKUIBKOX CyNIb(OrpyI, TUIBKMA YaCTUHA SIKMX 3aMILIYETHCS T1APOKCHIOM 200
y Bunajaky 3aminn SOsH B aMiHOCYnb()OHOBUX KHCIOTAaX, TaK AK B OLIBII
XKOPCTKUX YMOBAxX BIJKPUTOTO JYKHOTO TIIPOJII3y aMIHOTPYIa TaKOXK
3aMIMIAETHCS T1APOKCUTPYTIOHD;

3) aBTOKJIaBHUM JIYXKHHUM TiApoOJi3 3 BalmHOM. BHKOPHUCTOBYIOTH
KOJIA MEpI JBa CIOCOOU MPU3BOJATH O BBEACHHS JBOX T1JIPOKCUTPYIIL.
Hanpuknan mig d9ac JIy)KHOTO  TOIUICHHS — aHTpaxiHOH-2-Cyib(oHaTy
BIIKDUTHM METOJIOM YTBOPIOETHCS anisapaT'

o

NaOH a(OH)
Y 0 ’

‘O oo

JIJI;I JY’)KHOTO TiApOi3y 3a arMoc(epHOro THUCKY BUKOPUCTOBYIOTH
TIAPOKCUJ HaATpito K B TBepAoMmy, Tak 1 y Burisam 40-42% abdo 70-73%
pO3uMHIB. Y pa3l BUKOPUCTAHHA PO3YMHIB JYI'y HOro YHNaprooTh 0
KoHIeHTpaii 80-85%; SKIIO BUKOPUCTOBYIOTh TBEPAWN JIyI 10 WOro
posmiaBy no6asisaoTh 10% Boau. Bcee 1€ 103Bossie oTpUMaTu 1UI1aB, SIKUM
pyxomuii 3a 270-290°C, 1 CTBOPUTH CHPHUSATIVMBI YMOBH JIA NPOBEICHHS
peakiii. [{ns ycmimmHOro npoBeAEeHHs peakili, CUlb CyJb(OHOBOI KHUCIOTH
MOBUHHA MAaTH MIHIMaJIbHY KUIBKICTh MIHEpAJIbHUX cojed. B i1Hmomy
BUIIAJIKY CIIOCTEPIra€ThCsl HEMOBHA PO3UYUHHICTB COJIl CYJIb(POHOBOI KUCIOTH
B pO3IUIaBl Jyry, MO0 NPUBOAUTH [0 3HIKEHHS PYXJIMBOCTI IUIaBy 1
MOXJIMBUX TEPETPiBIB, a 1€ MIATOPSHHSA IJIaBY 1 HaBITh MOXJIMBE TOPIHHSA
Bci€l Macu. TeopeTUYHO IS JIYXKHOTO T1IpOoi3y HEOOXIAHO 2 MOJb JIYTY Ha
MOJIb CYJIb()OHOBOI KHCIOTH, MPAKTUYHO BUKOPUCTOBYETH HAJJIUIIOK JIYTY
(2,1-2,4 mouib). 3arajibHUN METOJ1 IPOBEACHHS JIY>KHOTO T1JIpOJIi3y TMOJISATae B
HAaCTYIMHOMY: B po3iuiaB Jyry 3a 275-280°C mnocTynoBO BHOCSTH Clb
Cylb(OHOBOI KHUCJIOTH Yy BHIJISIAI CYXOro IOJAPiIOHEHOro MOPOIIKY abo
HAaCUYEHOIo po3unHy. Bosla mMOCTynmoBO BUMApOBYEThCA, aje il KUIbKICTh B
Maci MOMOBHIOETHCA 3a PAXyHOK peakiliiHoi Bojau. Boja, sika BUIAISETHCS,
CIIpUsIE KpallloMy IepeMillyBaHHI peakiliiHoi macu. Ilicis 3arpy3ku Bci€i
Cylb(OHOBOI KHUCJIOTH MiJHIMAIOTh TEMIEpaTypy peakIiiHOl Macu 10
HeoOx11Hoi (300-340°C). I'oToBHMII 1171aB MICTUTH (PEHOKCHU]T HATPIIO, CYJIb(IT
HATPIIO, & TAKOXXK HEBEJIMKY KIJIBKICTh BUILHOTO JIyTY. KOHTpOJIB 32 mpoliecom
JY>KHOTO T1APOJIi3y 3/1MCHIOI0Th, BU3HAYAIOYX BMICT B IIaBl BUILHOTO JIYTY.
[Ticns 3akiHYEHHSI peakilii MJIaB BUJIMBAIOTh HA BOJY — 1€ TaK 3BaHE TaClHHS
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miaBy. B oTpuMaHOMy pO34MHI BUIUIAETHCS B 0CaJ CYJb(DIT HATPIIO, SIKUMA
BIADIIBTPOBYIOTh, a 3  (QUIbTpaTy  MIJAKUCICHHSAM  BUAUISIOTH
TIIPOKCUCTIONYKY, fAKY BIANPaBISIOTh HAa OYUCTKY. MeToa OTpUMaHHs
dbeHoNy JY)KHUM TIIpOJII30M € HaWCTapilliuM, ajieé B OCTaHHIM Yac BIH
MPAKTHUYHO BTPATUB CBOE 3HAUCHHS.

Ompumanhs 2-nagpmorny

Haromictb oOTpuMaHHS 2-HATOIy METOJIOM JIYXKHOTO TLAPOII3Y
30epirae CBOI aKTyaJbHICTh. llell MeTOoJ CMHTE3y € €MHUM E€KOHOMIYHUM
cnocoOoM orpumaHHs [-Hadromy. [ma orpumanHs 2-HadTolly B
IJIABWIBHUN KOTEN 3aBaHTaxyroTh 80-85% po3umH ayry, a motim 3a 300-
310°C nadranen-2-cynbdoHoBy kuciory y Burisa 81-85% mactu. Macy
HarpiBatoTh 0 325-335°C. Ilicist 3akiHUEHHSI peakiiii IJIaB, SIKUM MICTUTh
o1 40% HadTokcuay Hatpito, 0111 35% cynbdiTy HaTpito, 3% BIUIBHOIO
ayry 1 1-2% HenpopearoBaHoi cyJib()OHOBOI KUCJIOTH, BUTPYKAIOTh Ha BOJY.
Po3unH HadTONATY HATpIIO MIAKUCISAIOTH JIOKCHAOM CYyIbpypy, MpHU
HarpiBaHHl poO3AUIAIOTh Mapu Hadromy 1 cyabdity. HadronbHuii map
MIPOMUBAIOTH BOJIOIO, 3HEBOJHIOIOTh, IEPETAHSIOTH 1]l BAKYYMOM.

OmpumarHs iHWuUx 2i0pOKCUCHOTIYK.

KpiM npomMucioBo BaKJIUBOTO 2-HA(TOIY METOJAOM JIYKHOIO T1IPOTi3y
OTpUMYIOTh 1,3-nurigpokcuOen3en (pe3opuuH). BUKOPUCTOBYIOTh Cyxuid
O0eH3eH-1,3-aucynbdoHaT HATPIIO 1 JYCKOMOAIOHUM JyT, TpOoIleC MPOBOJAThH
3a 300-380°C.

SO3Na

NaOH

SO3Na
Pe3opuuH, sIKuil BUIIISETHCSA MICHS M1IKUCIECHHS, )106pe PO3UYUHSETHCSA
y BOJHHUX pO3UYMHAX COJIeH 1 HEe BUJAUISETHCS I1JI Yac HEHUTpamizaili IjaBy.
JIJ1st BUITy4€HHS pe30pLMHY BUKOPUCTOBYIOTh €KCTPAKIIII0 HEHTPaI130BaHOIO
IJIaBy OpPTraHiYHUM PO3YMHHUKOM — JIETUJIOBUM e(ipoM, OYyTHUIOBUM
CIIUPTOM. 3 PO3UMHY PE30PLUMHY B OYyTHUIOBOMY CIHPTI CIIUPT BIATAHSAIOTH 3
Mapolo, a PE30OPIMH MEPETaHIOTh B BAKYYMI 1 KPUCTATI3YIOTh.

AHanoriuHo (eHoIy B MPOMUCIIOBOCTI OTpI/IMYIOTB n-Kpe30IL.
SO;H

NaOH

Jlyxuun riz[pom3 € 3aKJIIOYHOI0 CTAII€I0 B npoueci OTpUMaHHA A1
KUCI0TH. Peakiiito mpoBoasTh 3a HarpiBaHHi a0 178-182°C, tucky 5-6 atm 1
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BMmicTy Jyry 23,5%. Ilicnsa 3akiHYeHHS peakuiiHy Macy BUIIMBAaIOTh B
po3BeZieHy Cyib(aTHy KHUCJIOTY, MOHOHATpPi€EBY CUIb AIll  KUCIOTH

B11(p1IBbTPOBYIOTH:
H,N SO;H H)oN OH

NaOH

HO;S SO;H HO;S SO;Na

2.8.2. 3amilieHHs Cyab()Orpynu HIIUMHA 3aMICHUKaMU
3aMillleHHs Cylb(Orpynu aMmiHOTPYIIOI0 Ma€ OOMEXKEHE 3HAYCHHS
BHACIIIJIOK MaJIOl PYXJUBOCTI Cynb(Orpynud 1 BUKOPUCTOBYETHCS, B
OCHOBHOMY, y psIy aHTpaxiHOHY. Peakiiito NpoBOIATH 3a TPHUBAJIOrO
HarpiBaHHd COJII AHTPaxiHOHCYJb()POHOBOI KHUCJIOTH 3 BOJHHM PO3YHMHOM
amoniaky 3a 170-200°C mig TthckoM. TakumM 4YHHOM OTPUMYIOTH |-

aMIHOAHTPaxX1HOH.
SO;H O NH,

secllcer

VY psany aHTpax1H0Hy cylborpymna Moxke 3aMiHIOBaTUCS aTOMOM XJIOPY.
[0 peaxiir0 BHKOPUCTOBYIOTh JUIsI OTPUMAHHS O-XJOPAHTPAXIHOHIB
1-xmop-, 1,5-nuxsop- 1 1,8-guxnopantpaxiHoHiB. Tak, HaIPUKIIad, SIKIIO J0
pPO3UMHY COJIl  aHTpaxiHOH-1-Cyab(POHOBOI KHUCIOTH B  PO30aBJICHIN
xjopuiHiki kucnoti (4,5%) 3a HarpiBa"Hs 10 96-98°C mocTynoBo J107aBaTH
po3uuH xJsopaty Hatpito NaClOs;, Toai cynbdorpyna riaako 3aMillyeThCs
aTOMOM XJIOpPY 1 YTBOPIOETHCS | -XJIOpaHTPaxiHOH.

Peakuia cynb(poHyBaHHS 3BOPOTHS, TOMY CHUJIb(POHOBI KHUCJIOTH 3/IaTHI
TIAPOII3YBATHUCS 3 BIALIEIUIEHHAM CYJIb(Orpynu. Y MpoLecl CUHTE3Y PIAy
MPOMDKHMX TPOAYKTIB BUHUKA€E HEOOXIJIHICTh THUMYACOBOI'O BBEJICHHS
cyJlbGOrpynu B apoOMaTUYHE SAPO JJISI NPUIAHHS CIOJIYIl PO3YMHHOCTI 1
0oco0NMMBOI  peakuiiHoi 3maTHocTi. Hamami cynbdorpyny HeoOX1IHO
BUJIAJIUTH, TOOTO 3aMICTUTH aTOMOM T1JIpOTE€HY. 3a3BUYaii, 1€ 3A1MCHIOIOTH
HarpiBaHHAM CYJIb()OHOBOI KUCJIOTH 3 MIHEPAIILHOIO KUCIOTOM. [{10 peakiiito
HEOOX1JTHO PO3IJsJaTH SIK KaTaJdiTU4YHY, J€ KaTalli3aTOpOM € KHucCJoTa. Sk
MPaBWIO, CyIb()OHOBI KUCIOTH, SIKI JIETKO YTBOPIOIOTHCS, HAMOUIBII JIETKO
TIAPONI3YIOThCS. Y O€H3eHCYJb(OHOBIM  KHUCIOTI  cyibdorpymna
BIJILIEIUTIOETHCS JIeTIE, HIXK Yy OeH3eH-1,3-aucynbQoHOBII KUCIOTI, a B pAay
HadTaneHy cyibdorpyna B 0-IOJOKEHHI TIIPOMI3YEThCA JIETIie, HIX B [3-
noyioxeHH1. ['iapomnizy cynb(orpynu crpuse HasBHICTb B apOMaTUYHOMY
KUIBIIl €JIEKTPOHOAOHOPHUX rpym. Cyiab()OHOBI KHCIOTH, SIKI MICTSTh aTOM
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rajioreHy ado eJIEKTPOHOAKIENTOPHI 3aMICHHUKH, TIAPOJI3YIOThCS BaXKue.
Tak, y BUpOOHUITBI [-KUCIIOTH SIK BUXIJHUW MPOAYKT BHUKOPHCTOBYIOTH 2-
amiHoHadTasieH-1-cynbpoHoBy kucioty (kuciaoTy Tobiaca). 3a HasBHOCTI
cyibGorpyn B MOJOXKEHHI 1 mopaibiie Cyab(POHYBAaHHS OJIHO3HAYHO
MPUBOJUTH JI0 BCTYIY CYJb(Orpyn B MOJOXKEHHS 5 1 7 3 yTBOpPEHHSIM O-
amiHoHa(dranen-1,3,5-tpucynbponoBoi  kucimoru. [am cyaedorpymy B
MOJIOKEHH1 5 He0OX1HO BUJAIUTH, 110 MPUBOAUTH 10 6-amiHOHaAdTaNIeH-1,3-
IUCYJIb(OHOBOI KUCJIOTH, SIKa M1/l Yac JIy>KHOTO TUIABJICHHS MEPEeXOAUTh B -
KHUCJIOTY:

SO;H SO;H
NH, HO;S NH,
o O™
-H,30,
SO;H
HO;3S NH, HO;S NH,
NaOH
SO;H

2.9. [IpakTuKa 3aMillICeHHS ATOMY I'aJIOT€HY

ATOM rajoreHy B apOMaTUYHOMY POl MOXe OyTH 3aMIlCHUAN
rpynaMu, Kl MICTITh HITporeH. HalBaJIMBIIMMU TpynaMu, KOTPUMHU
MPAaKTUYHO 3aMIIIAETBCS AaTOM XJIOPY B apOMaTUYHUX CIIOIyKax €
aMIHOTpyIa, apujaMiHorpyna 1 ankuiaminorpyna. Ilim wac B3aemogmii
apWIrajoreHiliB 3 MEPBUHHUMHU 1 BTOPUHHUMM aMiHAMU BUAUISIETHCS
TIAPOTEHXJIOPUI, ISl 3B A3yBaHHS SIKOFO BUKOPHUCTOBYIOThH JIY>)KHUM areHt
(T1IpOKCUJ HATPi0, KApOOHAT HATPIIO adO0 Kaliio, aleTaT HaTpito 1 T.01.), a B
JESKUX BUMAJKaX BUKOPUCTOBYIOTh HAIJIUIIOK pEarcHry.

OOMIH aroMy TaJIOTEHYy Ha aMiHOIPYIly 3J1MCHIOEThCS, 3a3BUYAM,
HarpiBaHHAM TaJIOI€HOMNOXIJTHOI apOMATUYHOI CHOJIYKH 3 KOHUEHTPOBAaHUM
PO3UMHOM aMoOHiaKky (He MeHie 4 MoJib Ha 1 Moib apwirajoreHinay). 3a
HasgBHOCTI B MOJIEKYJIl XJIOPO3aMIIIEHOI CHOJMYyKH TpyH, 0 30UIBIIYIOTH
PYXJIUBICTh aTOMY XJIOPY, PEAKIlis 3 aMOHIAaKOM MTPOBOJAUTHLCS 32 TEMIIEPATYP
110 200°C 1 mpa tuckom o 10 MlIla.

NH,, 170-190°
O>N Cl 3 >
s ozNONHz

NO2 N02

NH3, 115-120°
-NH,Cl
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Sk mpaBuiio, 3aMillIEHHS] aTOMY XJIOPY aMIHOTPYINOK NPOXOJUTh 3 JOCHUTh
BHCOKHMM BUX00M (10 90% 1 BHIIIC).

3aMIIIEHHST apUJIaMIHOTPYMOK 3AIMCHIOETHCS MiJ 4Yac B3aeMOJIIi
apOMAaTHYHOI CIOJIYKH, IO MICTUTh TajJOreH, 3 MEPBUHHUMHU apOMaTUYHUMU
aMIHAMH, sIKa TPUBOAUTH A0 YTBOPEHHS BTOPUHHUX apOMaTUYHUX aMiHIB.

ArCl + ArNH, — Ar-NH-Ar + HCI

[lepBuHHI apoMaTH4HI aMIHA pEarylTh 3 TaJOr€HONOXITHUMU
apOMaTUYHUX CHOJIYK 3 MEHIIOK IIBUJIKICTIO, HDK aMoHI1ak. Ile BUKIMKaHO
3HAQYHO MEHILIOI0 OCHOBHICTIO apOMAaTUYHUX aMiHIB MOPIBHIHO 3 aMOHIaKOM
a0o0 nepBuHHUMU ankinaminamu. Hanpuknan, pK, mius amoniaky 9,25, nns
metunaminy 10,62, nns n-peninenaiaminy 6,3, 1 aius n-aHiziginy 5,3. Tomy
JUIsL  3aMIIIEHHS aTOMY TaJoreHy apWJIaMiHOTPYIOK BUKOPUCTOBYIOTH
raJlIor€HONOX1JHI CHOJYKH, B SIKUX TaJIOT€H JOCTaTHbO PYXJIMBUM, TOOTO
AKTUBOBAHUH €JIEKTPOHOAKIICITOPHOIO IPYIHOoI0. 3a JOMOMOIO0 I11€1 peakilii
B IPOMHUCIIOBOCTI OTPUMYIOTH pPsii I[IKaBUX aMIHOJU(EHUIAMIHIB, IO
BUKOPUCTOBYIOTbCSI ~ [JI1  CUHTe3y  OapBHUKIB, Hampukian,  2-(4-

METOKCH(PEH1J1aMiHO)-5-HITPOOEH3EHCYIb()OHOBY KYCIIOTY.
SO;H

O,N Cl + H,>N OOCH3 1459 MgO -

SO;H

3aMmilleHHs T1IPOKCHJIBHOIO TPYIOI0 aToMa XJIOPY TMOPsiA 3 JIy>KHUM
TIAPOTI30M  CIYXUTh OJHMM 3 METOAIB OTPUMAHHS apOMaTUYHHX
TIPOKCUCTIONYK, Hanmpukiaa ¢GeHoday. 3amilleHHs aToMy XJopy B
apOMaTUYHUX CIIOJIYKaxX MOXKHA 31IMCHUTH IBOMa METOIaMHU: MPOMYCKaHHSIM
MapiB XJIOpPAPOMATUYHOI CITOJYKH 1 BOJAM HaJa KaTajizaTopoM (rmapodazHuii
ripoJii3) ado J1€10 PO3YMHY T1APOKCUY HATpito (MykHUM rigponi3). [lig yac
napodazHoro TriApoi3y B SIKOCTI KaTajli3aTOPiB BUKOPUCTOBYIOTh CUJIIKArelb
1 ¢ochaTty Ha MOPUCTUX HOCISIX. AKTHBHICTH KaTalli3aTOpPIB MOXE OyTH
MIJIBUIIIEHA J00aBKaMU COJIEM KYyNpyMy, HIKOJy, apreHtymy 1 T.m. Y
MIPOMUCIIOBOCTI METOJA Napoda3zHoro oTrpuMaHHs (EHOIYy 31MCHIOIOTH 3a
450-500°C Ha xartamizatopi ¢ocdari Kaiabllil0 aKTUBOBAHOMY COJISIMHU
Kynipymy. OTpuMaHHs (PEHONTy 3a UM METOJOM MOXE€ OyTH CYMIIIEHO 3
OTPUMaHHSIM  XJOPOOEH3EHY OKHCHIOBJIBHUM XJIOPYBaHHSIM OC€H3eHY
TAPOTIEHXJIOPUIOM Y TPUCYTHOCTI KUCHIO MOBITPAI.

2C¢Hg + 2HCI + O, — 2C¢HsCl + 2H,0 — 2C¢HsOH + 2HCI

VY BUnajKy Jy>KHOTO T1APONI3Y apUiIXJIOPUAIB KIJIBKICTh JYT'y TIOBUHHA
CKJIQJIaTH HE MeHIe 2 MoJib Ha | MoJib apuixyopuy. XJIOpoOEH3EH pearye
3 NaOH 3a temneparypu Buie 300°C, a 1,3-nuHiTpo-4-Xx710p00OEH3EH
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MEepPETBOPIOEThCA B 2,4-TUHITPO(EHON YK€ 3a KHWIISTIHHS 3 BOJHUM
PO3YMHOM T1IPOKCHU]TY HATPIitO 1 aTMOC(HEPHOTO TUCKY.

3amilIeHHsI ~ QJIKOKCUTPYIIOI0  3a3BUYall  BUKOPUCTOBYIOTH A
OTPUMAaHHS  AJKUIOBUX €TepiB  HITPOPEHONIB 1 3AIMCHIOIOTh AIEI0
BIJIIOBIIHOTO CIIUPTY Ha HITPOXJIOPOOEH3EHU B IPUCYTHOCTI JIYTY:

OQN—<<::>>—C1 + ROy  —DaOH, OQN—<<::>F4)4R

B3aeMozito x10p03aMilll€HUX 31 CHUPTOBUM PO3YMHOM JIYTY IPOBOASTH
3 BUKOPUCTAHHSM HAJUMIIKYy cnupTy. Hammumoxk coupry, 3meHnrye
KOHIIEHTpAIlll0 BOJW B pEaKLINHIA Maci, 3Milllye piBHOBary BIIPaBo, J0
YTBOPEHHSI AJKOKCHJy HAaTpil0o, IO CHPUSAE€ 3MEHIICHHIO MOOIYHOro
YTBOPEHHS T1IPOKCUCHIONYKH. ['1IpOKCUI HATpil0 OEpyTh y KUIBKOCTI, SIKa
OJM3bKa N0 TEOpEeTUYHO HeoOxiaHoi. Peakiito HITPOXJIOPOOEH3EHIB 31
CIIMPTOBUMH PO3YMHAMU JIYTY MPOBOAATH 3a3BU4Yail 3a HarpiBaHHs 110 90-
100°C 1 nHeBenmukoro tucky (0 0,3 MIla). HaitOGinemmii npakTUyHUN
IHTEpeC MPEJCTABIIsI€ OTPUMAHHA UM METOJOM O- 1 M-HITPOAHI3O0JIB 1 -
HITpOEHETONY, $KI BUKOPUCTOBYIOTH JUIsl OTPUMAaHHS BIAIOBITHO O-
aHI3UAMHY 1 AlaHI3UAWHY, K-aHI3uauHy, n-QeHiTuauny. s oTpuMaHHs o-
HITPOAHI30Jy 0 PO3YUHY |-HITPO-2-XJIOPOOEH3EHY B METaHOJi, HarpiTOMy
10 90-95°C, noctynoBo a01a101h 13,5%-uit po3undn NaOH B MeTanomi.

N02 NO2
CH,OH, NaOH -

Cl OCH;

[licns  3akiHYEHHS  peakiii HaUIMIIOK JIYITY  HEUTpami3yloTh
CyJib()aTHOIO KUCJIOTOIO 1 BIATAHSIOTh COUPT. 3AJUIIOK PO30aBIISIIOTh BOJIOIO
1 BUIIUISIFOTH O-HITPOAHI30J1.

3aMilIeHHsI aApUIIOKCUTPYIIO aTOMY TaJIOT€HY BUKOPUCTOBYIOTH JJIS
oTpuMaHHs JudeHinoBoro erepy 1 Woro 3amimeHux. Judeninosuit erep
MOXke OyTH OTPUMAaHUI B3a€EMOJIIEI0 XJIOPOOEH3EHY 3 (DEHOKCHIOM HaTPilO B
npucytHocti miai 3a 200°C abo gk moOIYHMIT NPOAYKT B BUPOOHHUITBI
(heHOTy JTYKHUM T1IPOJII30M XJIOPOOECH3EHY:

VY cnonykax, SKi MICTSTh HITPOTPYIY B Opmo- 1 napa-nojl0xKeHHIX 110
aToOMy TaJIOTeHy, 3aMIIIEHHS apUJIOKCUTPYTIOK M€ HaBITh 0€3 Karaii3aTopa.
Tak, y pasi TpuBajaoro HarpiBaHHs |-HITpO-2-XJIOpOOEH3EHY 3 (PEHOIATOM
HaTpio (HEBENUKHA HaIMIIOK) y ¢enHoni 3a 95-105°C orpumyrors 2-
HITPOAU(EHITIOBUHN €Tep, il YaC BIAHOBIICHHS SIKOTO YTBOPIOETHCS aMiH, 110
BUKOPUCTOBYETHCSA JIJISl CHHTE3Y OapBHUKIB:
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N02 NO2
el
2.10. IIpakTnka 3aMillicCHHS! AMiHOTPYIIH

Kucnomuuui 2ioponiz aminocnonyk

Jnst Tigponidy aMIHOCHONYK 3a3BUYail BUKOPUCTOBYIOTH PO3BEJCHI
cyibdatHy ado docdatHy KUCIOTY. AMIHU Py OCH3EHY, Kl HE MICTATh
€JIEKTPOHOAKUENTOPHUX TPy, JyKE€ BaXKO IEPETBOPIOIOTHCA B
rigpokcuzamiiieHi. Tinbku 3a 300-450°C y nipucytHOCTI hochaTHOT KUCIOTH
MOXHa 3JIMCHUTH TEPETBOPEHHS aHUIHY B (EeHOJ. 3HayHO JIerlIe
riApodi3yloThesl  (peHinenmiaminm 1 amiHodenonu. Tak rigpomz 1,3,5-
TPUAMIHOOEH3EHY MTPOXOAUTH BKE ITiJ] 4aC 3BUYAMHOTO KUII SITIHHA 3 BOJHUM
pPO3YMHOM  KHUCJIOT, IIpU UbOMY KUIBKICHO  yTBOproeTrbcs — 1,3,5-

TPUT1APOKCHOEH3EH ((QIFOPOTIIOLIMH).
NH, OH

+H

H,N NH, HO OH
[IpakTHuHe 3HAYEHHS Mae€ 3aMiHa aMIHOCHOJYK B Ha(TaJIeHOBOMY
psal. 3a3BUYall peaki[il0 MPOBOJASATh HArpiBaHHSIM BIANOBIIHOTO aMmiHy 3
BOJTHUM PO34YMHOM cyJib(aTtHoi kucioTu 3a 200°C. Tak, mig yac HarpiBaHHsI
1-madtunaminy 3 30% cynsdatHoro kuciororo 3a 170-180°C 1 Tucky 1 Mlla
oTpuMyIOTh 1-rigpokcunadraneH. OtpumanHs 1-rigpokcuHadTaseHy yepes
1-cynbdonadTaneH HeJOIIIBHO, TaK SIK OCTAaHHINA 3a0pyAHEHUIN 2-130MEPOM.

LT'ioponiz aminocnonayk diero ciopocynbghimis

JInst 3aMIlIEHHS aMIHOTPYIH TIAPOKCUTPYIIOK B pALy Ha(TaleHy
BUKOPUCTOBYIOTh, SIK TMpPaBUIO, TIAPOCYAb(PIT HaTpiro. Y  mporeci
MPOBEAECHHS PEaKlii aMiH KUII SATATh 3 PO3YMHOM Tiapocynbdity (3-4 moiib
Ha | momp amiHy) 3a armocdepHoro Tucky. Hapmami peaKuiﬁHy Macy
00OpOOISIOTh JY>)KHUM areHToM (JIyroM, COJIOK0, BAllHOM) 1 KHUITUSITATH JI0
MOBHOTO BHUJAJCHHS AaMOHIaKy, TMOTIM MiJKUCIIOTh 1 KHII SATITh 0
BUJAJICHHsT CynbQyp niokcuay. OcOoONHMBO JIETKO MPOXOIUTH 3aMIIICHHS
aMmiHOTpynu B 2-amiHOHadTaneH-1-cynb(oHOBIA  KHUCIOTI.  Takox
cyiborpyna B TOJOKEHHI 4 TOJErulye TiIpoJil3 aMiHOTpynu B 1-
MOJIOXKEHHI. Mema-AMIHOCYJIb()OHOBI KHCIOTH B PEAKIII0 MNPAKTUYHO HE
BCTYIAIOTh.

[IpoMUCHIOBUM 3HAYEHHSM T1IPOCYIb(ITHOTO METOAY TIIPOJI3y €
oTpuMaHHs 4-rigpokcuHadTaneH-1-cynb()oHOBOI KUCIOTH (KuciioTa HeBiib-
Bintepa) 3 4-aminoHadtasiH-1-cyib(hOHOBOI KUCIIOTH .
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NH, OH

H,0, NaHSO;

SO;H SO;H

2.11. IIpakTiKa 3aMilliCHHS TIAPOKCUTPYITH

[IpakTHuHE 3HAYEHHS Ma€ 3aMiHa TIAPOKCUTPYNH B Ha(TaJICHOBOMY
psAll, 1O TOB’s3aHE 3 JOCTYNHICTIO [-HadTOdy 1 BiACYTHOCTI TEXHIYHO
NpUIATHUX METOJIB OTPUMAaHHS 2-HITpoHadTaneHy. Tomy BaxiauBl 2-
aMiHOHa(TaIeHCYNb(OHOBI KUCIOTH OTPUMYIOTh aMiHYBaHHSIM BIJIITOBITHUX
T1APOKCUCTIOIYK.

Peakiiis 103BOJIg€ 32 M’SIKMX YMOB IPOBECTU 3aMiHY T'iAPOKCHIBHOI
rpyniyd Ha aMmiHOTpylny 3 BHCOKHM BHXOJOM B YMOBaX, B SKUX, 3a
BIJICYTHOCTI COJIl CYJb(ITHOI KHUCIOTH, TIJIPOKCHJIbHA CIOJYyKa He
3MmiHIOeThesl. Tak, B3aeMojiss 2-HadTOdy 3 apoOMaTMYHUMHU aMiHAMH 1
riapocyib(ITOM HATpIIO A03BOJISIE OTPUMATH 2-apuUiaMiHOHA(PTAIIHU Yy
BoaHOMY cepenoBuuli 3a 110-120°C, Toal Ak 3a BIACYTHOCTI T1APOCYIb(PITY
HeoOx1/1He HarpiBaHHs 10 260°C 3 BIITOHKOI BOJAW. AMIHYBaHHS Ha(TOJIIB
1 rigpokcuHadTaneHCyIb(OHOBUX KUCIOT 3/IMCHIOIOTh HArpiBaHHSAM IX 3
BOAHMMHU pPO3UYMHAMHU AaMOHIaKy 1 Cydb(pITy aMOHII0O B aBTOKJIaBaxX IIiJ
TUCKOM. /{711 OTprMaHHsI BTOPUHHMX 1 TPETUHHUX aMIHIB, KPIM aMiHYIOUYOT0
areHTa, BBOJATh HaTPi€BY a00 aMOHIEBY CLIb CYJIb(ITHOI KUCIOTH.

s peaxkiiisi 3BOPOTHSI PEAKIIil I1IpoJii3y aMIHOTPYIIH 1 TAKOX MPOTIKA€E
yepe3 CTaJll0 NPHUEIHAHHS COJIEW CYIb(ITHOI KUCIOTH 10 TayTOMEPHOI
OokcOo(OpMHU  TIJIPOKCUCIONYKH. Peakiiss 3aMillleHHS  T1IPOKCUTPYIH
aMIHOTPYIIOIO TIJI JIE0 aMOHIaKy 1 coJied CyJb(ITHOI KUCIOTH B pALy
HaTageHy Mae Ti K OOMEXEHHS BUKOPUCTAHHS, IO 1 BIAMOBIIHI peaKIiii
rigpomizy  amiHocnosiyk.  Cynbdorpynma B mMema-TOJNOXKEHHI  J0
TIAPOKCUTPYIM 3aXMILA€ OCTaHHIO BiA aMiHyBaHHS. Cynbdorpymna B 1-
MOJIOXKEHHI CIIPHUSE 3aMIIIEHHIO aMiHOTPYIIOO T'IPOKCUTPYIIH B TOJIOKEHH] 2
14 mig giexo aMoH1aky 1 cyiab(iTy HATpito.

Tak, 7-aminoHadTaneH-1,3-1ucyib()OHOBY KHUCIOTY OTPUMYIOTH
HarpiBaHHsIM 7-riapokcuHadraneH-1,3-nucyapponooi kucioru (I'-
Kucyorta) 3 BogHuM po3unHoM NHj 1 (NH4),SO; 3a 185°C.

SO;H SOsH

OH NH,
OO0 ®
HO;S HO;S

2-AminonadraneH-1-cyappoHoBy kuciory (kuciora Tobiaca) y
BUPOOHULTBI 7-amiHO-4-riipokcuHadTamH-2-cyiabponoBoi kuciaotu (I-
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KHUCJIOTa) OTPUMYIOTh HArpiBaHHSM 2-TiapokcuHadTasieH-1-cyabppoHoBoi

kuciaotu 3a 150°C:
SOs;H

SO;H
—_—

Pi3Ha 34aTHICTh TIAPOKCUIIBHOI T'PyHU 0 3aMIIICHHS, 3aJIe)KHO BiJ
MOJIOKEHHS CYJIb(OrpyNnu, Ja€ MOXJIMBICTh 3AIMCHIOBAaTH 3a JOIOMOIOKO
peakuii byxepepa celeKkTMBHE aMiHYBaHHS MOJITIIPOKCUIIOXITHUX. Tak,
aMiHyBaHHs 4,6-IUT1IpOKCUHAPTATIEH-2-CYIb(OHOBOT KUCIOTH MPUBOJIUTH
710 YTBOPEHHS BUKJIIOUYHO ['aMMa-KUCI0TH,

OH OH
oo™ oo
NH
HO5S HO;S

a amiHyBaHHA-4,5-aurigpokcuHadTalieH-1-cyabp(pOoHOBOT KUCIOTH — TIIBKU
10 4-aMiHO-5-TiApoKcuHadTaneH-1-cynb()OHOBOI KUCIOTH.

HO OH NH,
—_—
SO;H SO;H

2.12. IIpakTHKa peakiii aJKUIyBaHHSA

Peakiisi ankulyBaHHS € 3arajbHOIO JUIsl T1IPOKapOOHIB 1 CHOJYK 3
(YHKIIOHAIIbBHUMHM ~ IpyllaMi — B ajmi(aTUYHOMY, apOMaTUYHOMY,
ATIUKIIYHOMY 1 TE€TePOLMKIIYHOMY psfax. AJKITyBaHHA apOMAaTHYHUX
CIIOJIYK aJIKUITaJOreH1IaMHU B IPUCYTHOCTI XJIOPUIY aIOMiHII0O HOCUTh Ha3BY
peakiist Opinens-Kpadrea:

Ar-H + R-X — Ar-R

Bci ankimroroui areHTy 3a TUIOM 3B A3KY, SIKMI pO3pUBAETHCS MiJ] Yac
AJKUTYBaHHS, MOXHA PO3JAUINTH HA TPYIIN:

- HEHACHYEHI CHOJYKH (0JIE(IHU 1 allETUJIEH), B IKUX MPOXOIUTH PO3PUB
T-€JIEKTPOHHOTIO 3B’ 13Ky MK aTOMaMH KapOOHY;

- TQJIOTEHOMOXIAHI 3 JIOCTaTHBbO PYXJMBHM aTOMOM TajlOT€HY, SKUW
3IaTHUI 3aMILIyBaTUC 111 BILIMBOM PI3HUX PEAreHTIB;

- COHUPTHU, €TEPU 1 €CTEPHU, Y TOMY YHUCII OKCUIU OJe(IHIB, B SIKUX ]I
qac aJKUTyBaHHS PO3PUBAETHCS 3B’ SI30K KAPOOH-OKCUTEH.

Haiibinbiie 3HavyeHHsT Mae peakiisl ajnkityBaHHa 3a Dpijgenem-
KpadTtcom. AKTHBHICTh aJKIITAIOTEHIAIB 3aJI€KUTh Bl IPUPOIU TrajoreHy 1
3MeHmyetbess B pany: RF > RCI > RBr > RI. Mono-, mu- 1
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TPUATIKUITAJIOTEHIIM 3 OJHAKOBUMM aTOMaMM TaJIOT€HIB OOMIHIOIOTH iX 3
YTBOPEHHSIM JIU- 1 TPUAPUJIAIKAHIB; HAIPUKJIAJ y pa3l B3aeMO/Ili OCH3EHY 3
JUXJIOPMETAHOM YTBOPIO€TbCA AU(eHIIMeTaH. (i1 peareHTiB BCiX THUIIB
3QJIEKHO BiJI XapakTepy ajJKUIbHOI IPyNu aKTUBHICTh 3MEHILYETHCSA B PSAY:
O€H3WJT > mpem-ajaKill > BTOPUHHUN aJIKUI > NEPBUHHUHN aJKLI, BIAMOBIIHO 31
30UIBILIEHHSIM CTaOUIBHOCTI KapOokarioHiB. KaTamiTHuHa aKTUBHICTh KUCJIOT
JIptoica miJ yac ankigyBaHHS 3MeHIIyeThes B psany: AlBr; > AlCl; > FeCls
>BF;> ZnCl, > SnCl,; > TiCl,.

KinpkicTh KaTamizaTopa KOJIMBAETHCS BiJ €KBIMOJSPHOIO /10 KIIBKOX
MOJIBHUX TMPOIEHTIB. Peakilisi ajkilyBaHHS € 3BOPOTHOIO PEAKIIIER0, IO
BIIOOpAKAETHCSI HA 130MEPHOMY CKJIQAl MPOJAYKTIB. y THPHUCYTHOCTI
katainizaropa AlCl;+HCI 0- 1 n-mianikinOeH3eHu eperpynoByrOThCS B Mema-
13omepu. Bzaemonis 1,4-qu-mpem-0yTunoeH3eHy 3 mpem-0yTUIXJIOPUIOM Y
MPUCYTHOCTI XJIOPUY aTIOMIHIIO 32 -7°C CIly’)KUTb MpernapaTUBHUM METOI0M
orpuMmanas  1,3,5-tpu-mpem-Oytunoenszeny (Buxig 75%). Jlerkicth
MEepPEMILIEHHS mpem-OyTUIIbHOI TPyNU J03BOJISIE BUKOPUCTOBYBAaTH 11 B
AKOCT1 3aXMCHOI TpynHu s OJOKYBaHHA II€BHOTO IIOJIOXKEHHS 1 JBOX
CYCIJIHIX TOJIOKE€Hb 3 HACTYIMHUM BIJIIICTUICHHSM 3a HarpiBaHHs B OCH3EHI 3
XJIOPUCTUM aJIOMIHIEM. AJIKUIBHI KaTIOHHW, SIKI TEHEpPYIOThCA IIJ Yac
B3a€MO/III aJIKUIIOIOYOTO peareHTy 1 Kartaiizaropa abo y pa3l BIALIECIJICHHS
BIJI apEHIEBOTO 10HY, 3a3HAIOTh TUIOBOrO /Jig KapOOKATIOHIB CKEJIETHOIO
NeperpynyBaHHs 3 YTBOPEHHSM TEPMOAMHAMIYHO OUIbII CTaOUIBHOIO
karioHa. CTaOUIBHICTh KaTIOHIB 3MEHUIYETbCS B PALy: TPETHUHUM >
BTOPUHHUM > MEepBUHHUN. Tak MiJg 4Yac ajkulyBaHHS H-IPONLIOPOMIIOM
YTBOPIOIOTHCSL ~ MEPEBAXHO  130Mponii3amimieHi. [3oMepuzamiss  mMoxke
MIPOXOJIUTH SIK J10, TaK 1 IMICJISl peakilil aJKlTyBaHHS.

bmuspko 50% OeH3zeHy, IO BUPOOJAETHCS, MEPEpPOOIAETECA B
etunoenszeH, 20% B kymMoi. KyMoa OTpUMYIOTh alIKiTyBaHHSIM OCH3EHY
nporneHoM. Y  piakid (a3l ankulyBaHHS BEIyTh y HPHUCYTHOCTI
CIIBKaTajizaropa — cyib(aTHOI KUCIOTH, XJiopuay amomiHiio 3a 30-40°C 1
TACKY 10 7 at™M. ['azoda3He alkiayBaHHS MNpPoOBOJATH Ha ¢dochaTHOMY
KaTajgizaropl cyMimiir OeH3eH: mpomad: mnporeH 8:2:1 3a 250-300°C y
MPUCYTHOCT1 BOJISIHOI MApH.

O o
\CH

3

N-anxinysauns apomamuynux aminie
AJKUTyBaHHS apOMAaTUYHHUX aMiHIB MPUBOJIUTH JI0 KUPHOAPOMATUIHUX
aMiHiB. Tak 3 MEpBUHHUX APOMATUYHUX aMIHIB I1J] Yac aJKLUTyBaHHSA MOXYTh
OyTH OTpUMaHI BTOPUHHI 1 TPETHUHHI )KUPHOAPOMATUYHI aMiHH. AJIKITTyBaHHS
apOMaTUYHUX aMIHIB CIIUPTAMH MIPOBOSATH 3 T0OABKOIO HEBEJIMKOI KiJIBKOCTI
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KUCIIMX areHTiB (MiHepalibHa KuCJIOTa, Tpuxjopuna ¢ocdopy) 3a 200°C.
3a3BUyail BUKOPUCTOBYIOTh METHJIOBUM 1 €THJIOBUM CHUPTH, MIHEPAJIbHY
KUCIOTY — xJopuaHy a6o cynbpatny (0,05-0,3 Mosib Ha MOJL aMmiHy).
Peakiiito BaXXKO 3yNMHUTH Ha TMEBHIM cTajii. 3O01IbLIYIOUM KUIBKICTh
BUXIJTHOTO CIIUPTY BJAETHCS 3MICTUTH PIBHOBary B CTOPOHY YTBOPEHHS
TPETUHHOTO aMiHy 1 YETBEPTUHHOI aMOH1€BOi OCHOBH. Tak JUisi OTpUMaHHS
N,N-IMMeTHIaH1IIHy BUKOPUCTOBYIOTH 3-4 MOJI METHUIIOBOTO CIIHPTY,
I0/1at0Th 1-2 MoJb cynb(aTHOI KUCIOTH, peakiio BeayTsh 3a 205-215°C. B
IIUX YMOBaX YTBOPIOETHCS TAKOX CLIb YETBEPTUHHOI aMOHIEBOI OCHOBH 1 B
HE3HAuHI KUIbKOCTI N-meTunaHimiH. s mepeTBOpeHHs coJii aMOHI€BOI
OCHOBM B ULUIbOBUM MPOIYKT, PEAKLIAHY Macy oOOpOOJIAIOTh JIyTOM 1
HarpiBatoTb A0 130-170°C. Cinp 4eTBEpPTMHHOI aMOHIEBOI OCHOBH
nepeTBoproeTbes B N,N-ITHUMETHIIaH1IH.
[C6H5N(CH3)3]+HSO4—_+N30H - C6H5N(CH3)2 + CH3OH =+ NaHSO4

AJKUTyBaHHS €TepaMy IPOXOAUTh B YMOBAX OJIM3bKUX JI0 aJIKLITyBaHHS
cnupramu. BBeneHHs B aMIHOIpYIy TIAPOKCHETHJIBHOI TPYyHU MOXKHA
3MIMCHUTU OKCUJOM €THJIEHY. ETWJIEHOKCHJ BBOASTH B PEAKIIHY 30HY
MOCTYIIOBO B MOTOII a30Ty. Peakiito BexyTh 3a 120-140°C. AnkuiranoreHiau
BUKOPUCTOBYIOThH ISl QJIKLTyBAaHHS aMiHIB y TUX BUIIAJIKaX, KOJIM OCTaHHI HE
MOXYTh OYTH MPOAJKIIOBAHI COMPTAMH a00 KOJM aJKIJITaJOTeHiAn OIbII
noctynHi. Tak giero etuixyopuay Ha aHunH 3a 190-200°C moxxHa OTpUMaTH
B OCHOBHOMY jieTujiaHUTiH. /[ogaTkoBa 0OpoOKa €TUIOpOMIAOM J103BOJISIE
OTpUMAaTH AIE€TUJIAHUIIH, MPAKTUYHO BUIBHUN B1J JOMIIIKY €THUJAHUIIHY. 3a
JOTIOMOTr'00 OCH3WJIXJIOPUAY B aMIHOTPYNY BBOJATH OCH3WIBHUI 3aJIMILIOK.
Tak piero 1 Monb GeH3WIXNIOpUAY Ha 2 MOJIb aHUIiHY 3a 140°C oTpuMyrOTh
N-OeH3unanuIH.  AJKUTYyBaHHS TIAPOKCUTPYNIM B TOTOBUX OapBHHKaX
MIJIBUIIYE 1X CTIAKICTh OO All po34uHIB JIyry. Tak MAl€l0 XJopeTaHy B
CIIMPTOBOMY PO34YHMHI B MPUCYTHOCTI JIyI'y Ha OapBHUK KucnotHuii sickpaBo
xoBTUH 32 120-125°C oTpumyroTs Xpu30QeHiH:

ool
© SOz;H HO;S © C,H;Cl, NaOH, 120°C

Kucmorunit SACKpaBoO- JKOBTUH

o pnen{ronsand oS
;H HO;S

SO

XpuzodeHin
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2.13. IIpakTika peakuii AMUIOBAHHS

AUWITIOBaHHS TOPSJT 3 AJKUTYBaHHSIM — HAWOLIbII MOMIMPEHA PeaKiis
apomMaTUyHOro 3amiiieHHs mig aiero C-enextpodinB. BBeaeHHs anuibHOL
rpylid  OPUBOAWTH  J10  YTBOPEHHS  ApWIKETOHIB, a Yy  pa3sl
BHYTPIIIHBOMOJIEKYJISIPHOTO allMJIIOBAaHHS — 0 HUKJIIYHUX KETOHIB 1 XIHOHIB.
BBeneHHs 3amuiiKy MypamuHOi KUCIOTH ((OpMITIOBaHHS) MPUBOJIUTH IO
YTBOPEHHSI aibJErifiB. Y BHIAAKy CHHTE3y AapWIKETOHIB peareHTaMu
CIIy’KaTh KapOOHOBI KHUCJIOTH, iX TaJIOT€HIW, aHTIAPUAN, €CTePH, aMijiH,
HITPUJIM. AKTUBHICTh PEAreHTy TUM BUIlA, YUM OUTbIINN MO3UTUBHUN 3aps]l
Ha KapOOHUIbHOMY aTomi KapOoHy B anuipHoMy 3anuiiky (RCOCI >
(RCO),0 > RCOOH > RCOOAIkK). V¥ pa3i aii 3MIlIaHOTO aHTIAPUAY ABOX
KapOOHOBUX KHUCJIOT B apOMAaTUYHE KUIbLIE BCTYIA€ IEPEBAXKHO OB
€JIEKTPOHOAKIENTOPHA allijIbHA TPyTa, a 32 PIBHOI €JIEKTPOHOAKIIENTOPHOCTI
OUTBIIMKA alWJIbHUN 3aauioK. J[Jisi 30UIbIIEHHS] TO3UTHUBHOIO 3apsiy Ha
aToMl KapOOHyY, SIKMIl € peaKkIIHHUM LEHTPOM, BUKOPUCTOBYIOTH TI XK
KaTajai3aTopu, 110 1 JJIsl peakili ajikiTyBaHHs. AKTUBHICTh allWJITaJOT€HIIIB B
3aJIEKHOCTI Bl IPUPOJM TaoreHy 3MeHIyeThes B psay [ > Br > Cl > F, mo
MPOTHIIEKHO PSAY MIJ Yac ajJKUTyBaHHI aJIKUITaJOreH1IaMu, JIe KaTaiai3aTop
KOOpJIMHYETbCST 3a aroMom rajoreHy. Ha 1 Monp pearenty 3a3Budyaii
BUKOPUCTOBYIOTH HEe MeH1Ie | Moib kucioTu JIptoica. B sikocTi cepenoBuia
MOXHa BHKOPHCTOBYBATH HAJUIMILIOK CYOCTpaTy 1 Pi3HI PO3UYMHHMKH, SKI
IHEpTHI B YMOBAax peakuii — AUXJIOpETaH, XJopodopM, HiTpoOeHseH, CS,.
Peakiisi anuiroBaHHs, SK 1 peakiis aJKUTyBaHHS 3BOpoTHA. O-alMiibHI
noxigHi  ¢eHonmiB  mia gier0  katamizatopie - @pinens-Kpadrca
MIePErpyNoBYIOTHCS B 0- 1 n-aniwiideHonu (meperpynyBadus dpica).

N-ayunro8auus.

YacTo anuiabHUNA 3alUIIOK BBOJUTHCA B aMIHOTPYIy apOMaTUYHUX
CIIOJYK THUMYacoBO, JUIS HaJaHHS 1M TI€BHOI PpEakIiiiHOI 31aTHOCTI
(BIATIOBIAHOI Opi€HTALl] M1 Yac eJIEKTPOPUIBLHOTO 3aMIIlIeHHS ), I 3aXUCTY
aMIHOTPyIX (B TOMY YHCII 1 BIJlT OKMCHEHHS), a ITOTIM BUAAJICHHS. Y TaKOMY
BUIAJKY BHUKOPHCTOBYIOTh HAMOUIbII JEIIEBl AaI[WIKOI04Yl areHTH —
MypalnHy ado onToBy kuciory. Hampuknaa, st oTpuMaHHS 2-HITPO-71-

(eHUIEeHI1aMIHY:
NHCOCH; NHCOCH; NHCOCH;
© _CH,COOH__ © _HNO,_ ©/ _NaOH__ ©/

NHCOCH; NHCOCH;
Y JCSKNX BUITQJKaX allMJIbHUM 3QJIUIIOK 30epITacThCs B KIHHCBOMy

npoaykTi. B TakoMy BHUITamKy MOpS 3 MYPAIIMHOK 1 OITOBOIO KHCIOTOIO

BUKOPHUCTOBYIOTH (DOCTEH, OEH301IXJIOpUI, OCH3EHCYIh(MOHIXIOPH 1 T. 1.
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Peaxinisi anuitoBaHHS KHCJIOTaMH 3BOPOTHA, TOMY JiJIs 1i YCHIIITHOTO
BUKOHAHHS BUKOPUCTOBYIOTh HQIIMIIOK (10 4 MOJb) KHUCIOTH abo
BUJIAJISIIOTh BOJy, IO YTBOpWJacs mia yac peakuli. Tak, 1isi BBeOEHHs
AlETUIILHOI TPYIIU BUKOPUCTOBYIOTh OLITOBY KHUCIJIOTY, Kpalle JbOASHY, SIKY
oepyth 3 HagumkoM 10-15%. AmneTwiatoBaHHS MPOBOJATH 3a KHUIIIHHS
peakiiiiHoi MacH, BOJA, 110 YTBOpPWJACS B pEakKili, BIATAHSIETbCA pa3oM 3
HaJIJTMIIIKOM KUCJIOTH, a TeMIepaTypa B Maci miasuiyeTbes 10 150-170°C.

O-ayunro8anHs apomMamuyHux 2i0POKCUCHOTIYK

JIist anuimroBaHHs T1IAPOKCUCTIONYK BUKOPUCTOBYIOTH XJIOPAHTIAPUIN 1
aHTIApUIA KapOOHOBUX KHUCJIOT Y BOJHO-IIY’)KHOMY pO34uHI. Y pasi
BUKOPUCTAHHS XJIOPAHTIAPUAIB KapOOHOBUX KHUCJIOT ab0 CyiIb()OHOBUX
KHUCJIOT TOOABJISIOTH JIYXKHI1 areHTH JJIsl 3B’ I3yBaHHS Tigporenxiopuay. Kpim
TOro TMiJ €0 JIYyTY TIIPOKCUCIONYKA TEPETBOPIOETHCA B  OUIBII
PEaKIIMHO3JaTHUM aHIOH, IO 30UIbIIY€ IIBUAKICTh peakilli. Y CHIbHO
JTy’)KHOMY CepeaOoBHILII MO>KJIUBO CEJICKTUBHE O-amroBaHHs
aMIHOTIAPOKCUCHIONYK. Y IHUX YMOBax TIJPOKCUIpyIla 10HI30BaHa,
YTBOPEHUH aHIOH MA€ 3HAYHO OUIbIIY HYKJIECO(QUIbHICTh, HIK aMIHOTpYyIa, 1
AlUIIIOETBCST B Tepury 4epry. Tak, B CHJIBHO Jy>KHOMY CEpPEAOBHINI 3a
HU3BKMX  TEMIleparyp  MiA  4Yac  B3aeMoOAli  AIU-KUCIOTH 3
OCH3EHCYNIb(OHUIXJIOPUJIOM  OTPUMYIOTH  4-aMiHO-5-GeHUICYIb(POH1I-
rigpokcuHadTaneH-2,7-1ucyab(POHOBY KHUCIIOTY:

H2N OH H2N 0802@
Q SO,Cl, NaOH

-

HO3S SO3H NaO3S SO3Na

2.14. IIpakTuKa peakuii OKUCHEHHHA

Peakilii OKMCHEHHsSI MOXHa pPO3JIUIATA Ha TI, L0 HNPOXOIATh 3
pYWHYBaHHSIM CKEJIETy aTOMiB KapOOHY MOJIEKYJH, 1 Ha Tl , IO MPOXOJSATh
0e3 pyitHyBaHHs. Jlo mepiioi Tpynu BIAHOCSATHCS PEaKIlli OKUCHEHHS, SKi
MPOTIKAIOTh 3 PYWHYBAHHSM CKEJIETy 1 3MEHIICHHSM KIJIBKOCTI aTOMIB
KapOOHY B choiyli abo peakuli, M0 MPOTIKAIOTh 3 PO3PUBOM 3B’SI3KY
KapOOH-KapOOH, ane 0e3 3MIHM uuciaa aTroMmiB kKapOoHy. Tak mig yac
OKMCHEHHsSI HadTajeHy 10 (TajJeBOro aHriIpuay MPOXOAUTh PYWHYBAHHS
3B’s13Ky C-C 1 3MEHIIEHHs 4Hciia aTOMIB KapOOHYy, a y pa3l OKUCHEHHs
arieHadTeHy 3  YTBOpeHHsIM  HadrtaneH-1,8-1ukapOOHOBOI  KHUCJIOTH
MPOXOJIUTh pO3pUB 3B 53Ky C-C, ajie KIJIbKICTh aTOMIB KapOOHY 3aJIUIIAETHCS
0€e3 3MiH.
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Jlo npyroi rpynu peakiiid BiHOCSATHCS IEPETBOPEHHS CIIONYK, SIKi
OB’ s13aH1 3 BBEJICHHSIM B HUX aTOMY OKCUI€HY: YTBOPEHHSM T'1JIpOKCUTPYIIH,
BIIIICTUICHHSIM aTOMIB TiAporeHy. B sKOCTI OKHMCHMKIB YacTillle€ BChOTO
BUKOPUCTOBYIOTh HEOpPTaHIuHI CHOJYKH (AMXpoMaT Kaliko, [epMaHraHatr
kamoo, okcua Manrany(IV), xmopun ¢epymy(Ill), HiTpaTHy KHCIIOTY,
TIAPOIEHIIEPOKCUT 1 T.1.). Y AESKUX BUMNAAKAX B SIKOCTI OKMCHHKIB MOXYTb
BUKOPHUCTOBYBATHCh 1 OpPTraHIYHI OKCUICHOBMICHI CHOJYKW (HAmpUKIa,
HITPOCHOJIYKH). Y 0araTOTOHHAKHUX BUPOOHULITBAX OKMCHEHHS MPOBOJSATH
J€10 KUCHIO TIOBITPS HA KaTaii3aropax. Y ¢l peakiii OKUCHEHHS, K IPaBuIIo,
HE3BOPOTHI. [HOMI BHAETHCSA 3OIMCHUTH 3BOPOTHI pEaKilii, SIK y BHUIAJKY
KyOOBHX OapBHUKIB. Y mpoliecax OKUCHEHHSI BUAUISETHCS BEJMKa KUIBKICTh
tera. Tak mMiJl 4yac OKUCHEHHA TOJYEHY J0 OEH30MHOI KUCIOTH KHUCHEM
noBiTps BUAUBIETBCA 567,4 kJ[)k/MOJb, @ y pa3l OKUCHEHHS Had)TaJleHy J0
dranesoro anriapuay 1807 k[x/Mone 1 10 MaJIeiHOBOTO  aHTIAPUAY
3655 k/lx/monp Temna. TeruoBuil epekT peakillii OKUCHEHHsS 3pOCTae 31
3pOCTaHHAM ITMOMHU OKMCHEHHS; Y BUNAJKY IOBHOT'O 3rOpPsSHHS Ha(TaleHy
n1o CO, xinppkicTh Temna ckimagae 5152 x/x/mMons. BumimenHs mig dac
peaxilii BEJIMKOI KUIBKOCTI TeIJIa BUMAarae CTBOPEHHs 100pOro TEII000MIHY
y OpoLect 3A1MCHEHHS TEXHOJIOTTYHOTO MPOLECY.

Cepen peakiiii OKUCHEHHS, SIKI MPOXOAATh 0€3 pyMHYBaHHS CKEJETY
MOJIEKYJIM, HaWOlIblIe 3HAYEHHS MAa€ OKHCHEHHS METWIbHOI TpYNH B
apOMaTHMYHMX CIOJYKaX 3 YTBOPEHHSM BIANOBIAHOTO apOMATHYHOIO
anpaeriay abo apoMaTU4HOI KUCJIOTH. {1 OKMCHEHHSI METUJIBHOI TPy J0
aJIbJIET1THOT BUKOPUCTOBYIOTh M’SIKI OKMCHUKHW — OKCUICHOBMICHI CIOJIYKH
MaHrany MnQ; y BoaHiil cynbgatHiil kucioTi (temneparypa 10 40°C) abo B
KOHLIGHTPOBaHI cynb(daTHi kucinoTi cynbpar wanrany(lll). VY pa3si

OKHCHEHHS TONyeH-2,4-1ucynb()OHOBOI  KHUCJIOTH Mn;,(SO4); B
KOHIIEHTpOBaHiil cynbdarHiii kuciori 3a 60-120°C  orpumyrots 4-
dbopminoeHseH-1,3-aucynb)oHoBY KHUCJIOTY (6enzanpaeria-2,4-

IUCYJIb(OHOBY KHCIOTY), SIKa € BUXIJHUM TNPOAYKTOM JJII CHUHTE3Y
TpU(EHUIMETAHOBUX OApPBHUKIB:
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JIJ1s1 OKUCHEHHSI METWIILHOI TPYIH A0 KapOOKCUIBHOI BUKOPUCTOBYIOTh
OUIBII CHJIbHI OKUCHHMKHU: JUXPOMAT HATPIIO, IEpMAHraHaT Kajito, HITPATHY
KUCHOTYy. JlJIe OTpUMaHHS Py apOMAaTHYHUX KHUCJIOT BUKOPUCTOBYIOTH
JUXpOMaT HaTpil0 B cepeloBUIIl po30aBiieHOI cynb(aTHOi Kuciaotu. Tak,
HaIPUKJIAJ, OTPUMYIOTh H-HITPOOEH30MHY KHUCJIOTY 1 1-HITpOaHTpaxiHOH-2-
kapOoOHOBY  kuciory. llepmanraHar kajmi B SIKOCTI  OKMCHHKA
BUKOPUCTOBYETHCA PIJIKO, TaK SIK BIH OUIbII JOporui. OKMCHEHHS 3a3BUYaid
MPOBOJSTH 33 KUII STIHHS BOJHOTO PO3UYHMHY B HEUTPAJIbHOMY a00 JIy>)KHOMY
cepefoBuIll. TakuM YMHOM 3 M-KCWIEHY OTPUMYIOTh OeH3eH-1,3-
nukapOoHoBy kuciory (13odrtanieBy). s OTpuMaHHS apOMAaTUYHUX
KapOOHOBUX KHUCIIOT MPOBOJSATH OKMCHEHHS B P1JIKiH (ha3l alKiIapoOMaTHYHHUX
BYTJIEBOJHIB KHcHeM moBiTps 3a 130-200°C B mpUCYTHOCTI COJE€l METaliB
MepEeMIHHOI BAJEHTHOCTI, dYacTime BCchOoro HadTeHaTy KoOanbTy. Tak,
OKHMCHEHHSM B piAKiH (a3l TOMyeHY KHCHEBO-TOBITPSHOIO CYMINIIIIO 32
aTMoc(epHOro THUCKYy abo MOBITpsM 3a TUCKy 6 atMm 3a 160-180°C B
MPUCYTHOCTI KaTajizaropa (kapOoHaT MapraHiio abo KoOaJIbTy B CyMilIi 3
OpoMiZIOM HaTpil0) OTPUMYIOTh OCH30MHY KHCOTYy. Ili1 4ac OKMCHEHHS K-
KCWIEHY B THX K€ YMOBaX OKHUCHIOETbCS TUIBKM OJIHA METWJIbHA rpymna 1
YTBOPIOETHCA N-TOJMYEHOBA KUCIOTa (n-METUJIOEH30HA KUCIOTa). Y OLIbII
&KOpcTKuxX ymoBax (260-280°C, 70 arM) MOKHA OKHUCIIUTH 1 IPYyTy METHIIbHY
rpyny, ajie BUXiJ TepedTaieBoi KUCIOTH MpU LboMy He nepesuinye 60%.
Ane saxmo rpyny COOH, mio yrBopuiacs, NMEpeBECTHU B €cTep, TOJI il
JI€3aKTUBYIOUA Jisl HiBEIOeThcd. Ha il ocHOBI OyB po3poOJeHUN METOo.
OTPUMAaHHS JUMETHJIOBOTO €CTepy Tepe(TaieBOl KUCIOTH OKUCHEHHSIM 7-
KCUJIEHY B AM-TOJYEJIOBY KHUCJIOTY ecTepu(iKaililo METUJIOBUM CIUPTOM,

OKHCHEHHSIM 1 TOBTOPHOIO €CTepU(IKaIlI€r0 0 TUMETUATEpedTaIaTYy:
CHj, COOH COOCHj;

[0] © CH;0H © [0]
CH; CH;
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Ileit mpoiiec MOXXHa TPOBECTH 1 B OAHY CTadil0 0€3 IPOMINKHOIO
OTPUMAaHHS 7-METWJIOEH30MHOI KUCIOTUH. J[JI1 IbOr0 OKUCHEHHS N-KCUJICHY
MPOBOJSTH 3 BUKOPUCTAHHAM OLTOBOI KHCIOTH, KaTaji3aropa — CoJied
KOOaJbTy 1 MaHraHy Ta OpOMIJIIB JIy>)KHUX MeTaiiB. OKUCHEHHS MPOBOJSATH
3a 150°C i tucky no 40 arm.

[lix yac OKMCHEHHS MOHOAMIAy (PTaneBOi KUCIOTH TIIOXJIOPUTOM abo
rinoOpoMiJIOM HaTpil0 B JIY’)KHOMY CEpPEJIOBHILl  YTBOPIOETbCS  2-
aMIHOOEH30MHA (aHTpPaHIJIOBA) KUCIOTA. Peakuis mpoxXoauTh 3 PO3PUBOM
3B’s3KYy KapOoH-kapOoH 3 BuiauieHHsIM CO,. MoHoamig (TajieBOi KUCIOTH
OTPUMYIOThH TiAparaniero ¢raaiMigy ado [1€l0 BOAHOTO AaMOHIaKy Ha
¢draneBuii aHri):[pI/I):[

COOH COOH
_NH; _NaClO

CONH, NH,

PYI/IHYBaHHH 3B’s3ky C-C 3 BiamemneHHsM CO; B KapOOHOBHX
KHUCJIOTaX MOXKE MPOXOJUTHU 1 B IPUCYTHOCTI OKUCHMKA. [Ipukiiagom Takoro
MIEPETBOPEHHSI € OTPUMAaHHA 3 (PTANEBOrO AHTIAPUAY OEH30HHOI KUCIOTH.
YTBOpeHHsT OEH30MHOI KHUCJIOTH MPOXOJUTh Y pa3l KaTaIITHYHOIO
JeKkapOOKCUITyBaHHA (DTaeBOro aHTIApUAY B MapoBiil (asi, AJid YOro CyMil
napiB (raneBoro aHriyipugy 1 Boau mnpomyckaroTh 3a 330-400°C nHan
Karai3aTopoM (kKapOoHAT KaJiblillo, OKWC amoMiHio 1 T.1.). HeobxigHo
BIIMITUTH, 1110 OCH30MHA KUCIIOTA, SIKY OTPUMYIOTh 3 (DTAJIEBOTO aHTIIPUIY,
BIJIPI3HSETHCSA BUCOKOIO YHCTOTOIO.

Ompumanms 2i0pOKCUCHOTIYK

Benukuii npakTUYHUKA  1HTEPEC BUABISIE PEAKISl  OKUCHEHHS
ANKUIAPOMATUYHHUX TIIPOKAPOOHIB IO TIAPONEPOKCUIB 3 HACTYITHUM
pO3pUBOM  3B’S3Ky KapOOH-KapOOH 1 3aMilllEHHSM aJKUIbHOI Tpymnu
rigpokcurpynor. I peaxuiss JI€KUTh B OCHOBI KYMOJBHOIO METOAY
oTpuMaHHs (eHomy. [3omponindeH3eH OKUCHIOITh KUCHEM MoBITps 3a 105-
120°C. YV pesynabraTi OaraTokpaTHOI peKTU(IKalil OTPUMYIOTh O,0-
TUMETHIOCH3WITIIPONIEPOKCUT 3  KOHIeHTpaliero  88-92%. Posknan
rigponepokcuy mnpoBoasTh 3a 50-60°C B mpucyrHocti 0,05-1% (mac)
cynbdaTtHoi kucnotu. lIBUAKICTE pO3KIIaay AOCTATHHO BEIUKA; MPHU LIbOMY
BUJIJISIETHCA BENMKA KUIbKICTh Tema. Ilicis HedTpamizaumii 1 pektudikarii
OTPUMYIOTh TOBapHHI (PEHOJI 1 allETOH.
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Ha nanuii yac KyMOJbHHI METOJT € OCHOBHUM METOJIOM CHUHTE3Y (PeHOy.
[lepeBaroro maHoro MeToAy € Majauil Po3xXiAg 1 JOCTYNHICTh BUXIJHOI
CUPOBHUHM, HEBEJIMKA KIUJIbKICTh BIJXOMAIB, OJHOYACHE OTPUMAHHS JBOX

IHHUX MPOAYKTIB. AHAJOTIYHO OKHUCHEHHSM 1 HACTYIHUM PO3KJIaJI0M
T1JPOTNICOPOKCHUIIB OTPUMYIOTh 1-KPE30J1 1 PE3OPIIHH.

I'emepocenno-kamanimuune OKUCHEHHsL 8 Naposill pasi

Cepen peakilii OKHUCHEHHSI BEJIUKE MPAKTUYHE 3HAYEHHS MA€ peakilis
napoda3zHoro reTeporeHHO-KaTaJIiTHYHOIO OKUCHEHHS. LIs1 peakiiist 1eXuTh B
OCHOBI OTPUMAaHHS TaKWX BAXJIMWBUX MPOIYKTIB, K (TAJEBUI aHTIAPUI,
MaJIeiHOBUM aHTIIpuj 1 aHTpaxiHOH. @TaneBUd aHTIAPHUA OTPUMYIOTh
napoa3HUM KaTalITUYHUM OKHCHEHHSM Ha(TaleHy KHUCHEM IMOBITPA.
Peaxitito npoBonsath 3a 325-450°C Haj kaTtamdizaTropoM, SIKUA MICTUTh OKCHJT
BaHanilo. KpiMm ¢raneBoro anriipugy yTBOproeTbes 1,4-HAPTOXIHOH 1
MasieiHOBUM aHTiapua. Yepes aedinut HadranieHy OCTaHHIM 4YacoM BCE
Olbllle 3aCTOCYBaHHS 3HAXOJUTh OKUCHEHHS 0-KCUJIEHY. MeTol OTpUMaHHs
aHaAJIOTIYHUI OKUCHEHHIO HadTaneHy. KatamTHYHUM OKHCHEHHSIM B MapOBii

(dazi OTpUMYIOTh MaJICIHOBUI aHTIAPU] 3 OCH3EHY.
)

2@ + 902 e 2 O + 4C02 + 4H20

O

2.15. IIpakTuka peakiuii KOHJAeHcaNil

Jlo peakiiii KoHAEHcAllli, 110 HE MPUBOJSITH JO0 YTBOPEHHS HOBHX
IUKJIIB, BIIHOCSTh PEAKIIli, ] 4ac IKUX YTBOPIOIOTHCS TUIBKKA HOBI KapOOH-
KapOOHOBI 3B’SI3KM 1 MPOXOJNUTh YCKIIAJHEHHS MOJIeKyJIu. J[0 Takoro Tumy
peakiiii  BIJIHOCATBCS  OaraTo  peakiii  MDK  apOMaTUYHUMU 1
HEapOMaTUYHUMU CIlodyKamMu. B3aemonisa ¢opmanbieriny 3 apoMaTUYHUMU
ripokapOOHAMU MOXKE€ MPOXOJWTH 32 JIBOMA HAMpsIMKaMH: 3 YTBOPEHHSIM
BIJINOBIIHUX apUJIMETAHOJIIB a00 3 YTBOPEHHSIM J1apHJIMETAHIB:

ArH + CH,O — ArCH,OH
2ArH + CH,0 — ArCH,Ar + H,O
L1 peakiii MpoXOAATh y BOAHOMY CEPEAOBUII B MPUCYTHOCTI MIHEpaIbHUX
a00 OpraHIYHUX KUCIIOT.

Peakuigs xjgopMeTWtoBaHHA (BBEACHHS  XJIODMETHJIBHOI — TPYIIM)
3MIMCHIOETHCSA KOH/JICHCAIII€10 apOMaTUYHOI'O T1pOoKapOoHy 3
(dopManbIeTiIOM 1 TIAPOIEHXJOPUIOM Y TMPUCYTHOCTI Karaiizatopa —
XJOpUAY UMHKY. 3a3BUYail  PEaKkiilo  MPOBOAATh  IPOIYCKaHHSIM
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TIIPOTEHXJIOPUY B CyMIII apoMaTu4Hoi crnoidyku 3 dopmamuaoMm (40%
po3unHOM (OpMaNbAETIy B BOII):
ArH + HCHO + HCl — ArCH,CI + H,O

3aJIe’KHO BIJI CHIBBIJHOILICHHS PEAareHTIB 1 YMOB IPOBEACHHS peaKili
MOXHa OTpPHUMaTH MOHO- 1 JUXJIOPMETWJIbHI 3amimieHl. [ns oTpumaHHs
MOHOXJIOPMETWJIBHOTO 3aMIIIEHOT0 HEOOXIJTHO BUKOPUCTATH YOTHPbOX-
I ATUKPATHUM HAJJIMIIOK BHUXIJHOI apOMATUYHOI CHONYKH. Sk moO1uyHui
NPOAYKT pEaklii yTBOPEHHS XJOPMETWIBHOIO TMOXIJIHOTO  MOXYTh
YTBOPIOBATHUCH IUAPUIIMETAHHU.

beH3eH miiarTh XJIOPMETUITIIOBAHHIO B MPUCYTHOCTI XJIOPUAY LIUHKY
3a 50-70°C 1 CHIBBIOHOIIEHHI peareHTiB OeH3eH : (opmanpaerija
TiaporeHxyiopu : xjgopua nuHky = 1:0,25:1:0,25. Buxig OeH3WIXjJI0puy
cxiagae 75-80%.

Jlo peakiiiii KOHJIeHcallli MOKHA BITHECTH aJIKLTyBaHHS 1 allUIOBaHHSI,
AK1 po3risiaanucs paHime. Peakiis kapOOKCUITIIOBaHHSI apOMaTUYHUX CITOJIYK
Ma€ 3HAYEHHS JJI1 CHUHTE3Y O-T1APOKCHAPEHKAPOOHOBUX KHUCIOT. Peakiiis
Konb6e-11IMiTTa TpoXoauTh y pasi Jii Ha 0€3BOJIHI JIYKHI1 COJII apOMaTHYHUX
TAPOKCUCTIONYK BYTJIEKUCIIOro ra3y 3a MIJBHILEHOIO0 TUCKY 1 TeMIlepaTypu
(185-190°C). 3a nonnomororo 1€l peakuii OTPUMYIOTh CATIIMIIOBY KUCIOTY 1
3-rigpokcuHadTaneH-2-KapOOHOBY KHUCIIOTY:

OH OH
_CO
COOH

Peakiito koHAEHCAlli 3 YTBOPEHHSIM HOBHMX LMKIIB BUKOPUCTOBYIOTh

JUTSI CHHTE3Y aHTPaxiHOHY 1 HOTO NMOX1/IHHUX.
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Po3min 3
A30BAPBHUKHA

A300apBHHUKHM CKJIaJal0Th OCHOBY ACOPTHUMEHTY BCIX CHHTETHYHHX
bapOyrounx pedoBuH. He3Bakaroun Ha TOSIBY IHIIMX, OUIBII CTIHKHX 1
SACKpaBUX OapBHUKIB, a300apBHUKH, 3aBISKH JCHIEBU3HI OTPUMAaHHS,
0ararcTBy acCOPTUMEHTY 1 PI3HOMaHITHOMY BUKOPHCTAHHIO, HE TUIbKH HE
BTPAaTUJIM CBO€ 3HAYEHHS, ale 1, MMOBIPHO, II€ MOyK€ JOBro OyayTh
3HAXOJUTHU IIUPOKE BUKOPUCTAHHS.

Jlns a300apBHUKIB XapakTEepHAa  HASBHICTh OJHIET ab0 JEKIJIbKOX
azorpyn -N=N-, 1110 3B’s3yI0Th apOMaTHUYHI 3JIMIIKHU; 1HO1 MICII€ OJHOTO 3
apOMaTHMYHMX 3aJIUILIKIB 3aiiMae TeTepouuKIYHui a0o amidaruyHun
3aumoK. Jlo ckiamy a300apBHUKIB, OKpPIM a30rpyl, 3a3BUYail BXOISTH
rpynu -NH, 1 -OH, uacro 3amimeni amino- 1 rigpokcurpynu -OCHj3,
-NHCOCH;. A300apBHUKH MOXYTh MICTUTH TaKOK aTOMHU XJIOPY 1 TPYIHU -
SO;H, -COOH, -CH3NO, Ta 1Hm11.

3okpema, KucnoTHUIl oOpaHXKeBHil, MICTUTh apOMaTHU4HI 3alUIIKH,
KucnoTHuit >KOBTUH CBITJIOCTIMKWM y CBOEMY CKJIaJll MICTUTh TE€TEPOILMKII
mipazon (1,2-miazon), a y IlirMeHTa 3KOBTOrO CBITJIOCTIMKOIO aszorpyma
3B’s13aHa 3 ali)aTUYHUM KapOOHOM aHLIITy alle€TOOITOBOI KUCIIOTH:

HO
N O 0, CONH@

Kucnorauit opamxepuit [TirMeHT »KOBTHUl CBITJIOCTIHKUI
HO;S
No
||
N
H N
SO;H

KucnoTHuit >KOBTHI CBITJIOCTIKHI
A300apBHHMKM 3aJIe)KHO Bl YWCIA a30rpyln  pO3JAUISIOTH  Ha
MOHOa300apBHUKHU- 3 OJHIEI0 a30TrPyIO0, AMCAa300apBHUKUA - 3 JIBOMA,
TpUCA300apBHUKH - 3 TPhOMA 1 TETPaa300apBHUKH - 3 HOTUPMA a30TpyHaMu.
A300apBHHUKM 3 YHCJIOM a30rpyn OUIbIIE€ [BOX HAa3UBAIOTh TaKOXK
1oJ11a300apBHUKAMU.
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BnactuBocTi a300apBHUKIB 3ajiekaTh HE TIJIbKHM BlJ 4YKCIa a30rpyil,
aje TaKoX 1 BIJ IX pa3TaulyBaHHA B MOJIEKYJl OapBHMKA, HAsSBHOCTI 1
TIOJIO’KEHHS 1HIITUX 3aMICHUKIB. Y BUMNAJAKY Kjiacuikailii 3a 4YMCJIOM a30rpyi
B OJHY 1 Ty X TpPyIy 4acTO BIJHOCSATh OapBHHUKK 3 a0COJIOTHO PI3HUMH
BJIACTUBOCTSAMHM. XIMI4YHI Ha3BH a300apBHUKIB MaJIOBKMBaHI, 3BAKAIOUM Ha
iX TPOMI3JIKICTh, 1 BUKOPUCTOBYIOTHCS TIIIBKH ISl TPOCTUX MPEICTaBHUKIB,
HaIpuKIa, 4-aMiHOa300€H3€EH:

vt

A3zo0apBHUKH , 0 MIcTITh Tpynu -SOsH 1 -COOH, po3uuHH1 y BoJl Y
BUTJISA/II HATpie€BUX (piiie KajaleBUX, aMOHieBUX) cojel. Ll rpymu, Tak camo,
AK 1 aTomMu xJjiopy 1 rpynu -CHj, -NO,, -OCH ; Ta 1HI111, BIUTUBAIOTh Ha KOJIIP,
MIITHICTD 1 1HIII BJIACTUBOCTI a300apBHUKIB.

[IpakTHyHO 3aBXJM CHHTE3 a300apBHUKIB BKJIIOYAE JB1 IOCIIIOBHI
peakilli: J1a30TyBaHHsS Ta as3ocnoiydeHHs. Tak, cuHTe3 KuciaorHoro
OpaHKE€BOTO BKJIIOYAE CTail [1a30TyBaHHs CyJb(aHIJIOBOI KHUCIOTH Ta
a30CIOIYYEHHS OTPUMAHOTO 4-/11a30H100€H3eHCYIb(OHATY 3 2-Ha(TOIOM:

NaNO,, HCI _ N
HO;S NH, peakmis 035 N;

N1a30TyBaHHS

on HO
HO3S N
: Y

peakiis

a30CIOTyYCHHS O

Kucnoruuit opanxxeBuit

3.1. Peakuis Aia30TyBaHHS

3.1.1. Mexani3M peakxilii 11a30TyBaHHS
Jia30TyBaHHsS TPOBOJATH MIEI0 HITPUTY HATPIIO B MPHUCYTHOCTI
KUCJIOT, COJIEM HITPO3OHII0O B KOHUEHTPOBAaHUX CHJIBHUX KHCIIOTaX,
AJKUTHITPUTIB B OPraHIYHMX PO3YMHHUKAX. ATaKylOUMMH YACTHHKAMH €
kation HiTpo3oHito NO', karion giTpozamuaito H,ONO' (H,O'NO), mo
SBJISIE COOOO T1JIpaTOBAaHUM 10H HITPO30HIIO, a00 HEUTpajdbHA MOJIEKYyJa
3arasibHO1 hopmyin X-NO, ne X — nykieodinsHa rpymna (Cl, Br, NO,).
PobGotn momo  MexaHi3My — A1a30TyBaHHS  IPYHTYBaJUCh  Ha
JTOCHIPKEHHSIX, 10 I peakilisi B 1l MOYaTKOBIM cTaii 1mo/iil0OHa YyTBOPEHHIO
HITPO30apWIAJIKIIAMIHIB. 3 HITPO3aMIiHIB IEPBUHHUX aPOMAaTUYHUX aMiHIB Yy
CUJIbHOKHCIIOMY CEpPEIOBHILI IIBUAKO YTBOPIOIOTHCS Alazocnonyku. Llen
nepexig NpoxXoauTh HUIIXOM MPOTOTPOIHOrO NEPErpyIyBaHHs B [11a30riapar,
KOTPHUH JUCOILIIOE 3 YTBOPEHHSM J11a30KaTIOHY:
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IIIBH KO

AINH, —20 ANH-NO = ArN=NOH —25= ArN,'X"
BUXITHUNA aMiH N-HITpO30aMiH J1a30TIAPOKCHT Ma30HIMA-KaTIOH

VY 3B’s3Ky 3 THM, IO ITiJl YaC HITPO3YBaHHS MPOXOIUTh €IEKTPO(LIbHE
3aMINIEHHS T1IPOTeHy OISl aTOMy HITPOI€HY, HITPO3YIOUMW areHT NMOBHUHEH
HECTH TO3UTHUBHUH 3aps]l a00 MAaTH YITKO BUPKEHY TEHJICHIIIIO JO0 LHOTO.
HitputHa KucioTa € JOCUTh ClIaOKOr: Me(IUT €JIEeKTPOHHOI T'YCTHMHHM Ha
aToMl HITPOIEHY MEHIIMKA HLK B KapOoHUIbHIM rpymi C=0O, 10 TOro ix,
JOJIaTKOBO, 3HWKEHUW 3a pPaxXyHOK IMO3UTUBHOIO ME30MEPHOTO €(eKTy
TAPOKCWIBHOL Ipynu. ToMy 3a BIICYTHOCTI CHIIBHMX MIHEpAJIbHUX KHUCIIOT
enexkTpodinbHa peakiliiiHa 34aTHICTh HITPUTHOT KMUCJIOTH HEBUCOKA.

3 1Hmoro OOKy, apoMaTU4Hl amMiHH, $KI BHKOPHCTOBYIOTH SIK
cyOcTpaTy, TeX 3a3Hal0Th KUCJIOTHO-OCHOBHUX MPETBOPEHD Y BUIAJIKY 3MIHU
KUCJIOTHOCTI cepefoBuiia. (OCHOBHICTb apOMaTMYHHMX AaMiHIB CYTTEBO
MOCTYMAETHCSI OCHOBHOCTI anmipatnunux amiHiB (pKy s Metunaminy 3,36,
st aniiny 9,38 ). Hu3bka OCHOBHICTH aHUIIHY TTOB’S3aHa 3 THUM, 1110 BUJIbHA
rapa €JICKTPOHIB HITPOI€HY BCTYIIA€ Y CHPSDKEHHS 3 apOMATUYHUM SIIPOM.
Komu x 10 aroma HITPOI€HY MPUETHYETHCS MPOTOH, TAKE CIPSKEHHS
€HEepPreTUYHO HEBUTIIHE, TOMY aHUIIH Oy/i€ MPOSBIATA HU3bKY OCHOBHICTb.

3a JaHUMU  BUMIPIOBaHHS (PAKTUYHOI KOHCTAHTH IIBUAKOCTI
J1a30TyBaHHS B CEPEAOBMILI CYIb(ATHOI Ta MEPXJIOPATHOI KUCIOT KpPUBA
3MIHU KOHCTAHTH CYTTEBO 3aJICKUTh BIJI KUCIOTHOCTI CEpEOBHUINA 1 Mae

JIOCTaTHBO CKJIAJIHUM XapaKTep.
'y

.2 1 0 -1 -2 -3 4 -5 -6H,
Puc.1. 3MiHa KOHCTAHTH MIBUAKOCT1 PEAKIIli 11a30TyBAHHA B
3aJIEKHOCTI B1JT (PYHKIIT KUCJIIOTHOCTI CEpEIOBHILA

3riIHO0 KJIACUYHUX YSBJIEHb MpPO PpEaKII0 1a30TYBaHHS, SK MPO

PEaKIIiio eIeKTPOPIILHOTO 3aMIIIEHHS, BOHA € PEAKIIEI0 IPYroro NOpsIKy
v =k {ArNH,] THNO,],

ajie Take KIHETUYHE PIBHSHHS CHPABEIJIMBE, SIK MMPABUIIO, TUIBKU Y BUIAJKY
nia3oTyBaHHs —amiarnuyHux amidiB. JliMiTyrouoro cragiero Tia  4ac

} } } ! } i -
-
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J1a30TyBaHHS B cepeAoBHIl mnepxjopaTHoi kuciotu 3a 0,7 < pH < 3 €

peakiist yrBopeHHs1 N,O3 3 HACTYIMHOIO IIBUJIKOIO CTAIIER0 HITPO3YBaHHSI.
[lin mieto cuabHOI MiHEpaIbHOI KUCIOTH MPOXOAUTH NPOTOHYBAHHS

TAPOKCUIBHOL TPYIH HITPUTHOI KMCJIOTH 1 BIIIEIIJIEHHS BOJU:

+H H\ + +
HO—N=0 ==—= /O —N=0 =<==—= [NO] + H)O
H

HiTpo30HIii-KaTiOH B3a€EMOJIlE 3 aTOMOM OKCHUIEHY Ti1APOKCHIIBHOI
IpyIy 1HIIOI MOJIEKYJIM HITpUTHOI KucioTu. [licis perenepanii npoToHY
YTBOPIOETHCSA CECKBIOKCHUJ HITPOIEHY:

NO] + HO—N=0 === HO=N—0—N=0 == N,0;

H
abo 2HN02 s N203 + HQO

HediuuT eneKTpOoHHOI T'YCTUHU Ha aTOMaxX HITPOI€HY B CECKBIOKCH/II
HITPOT€HY 3HA4YHO OUIBIINM, HIK Y caMiid HITPUTHIM KHUCJIOTI, 1, BHACIIJIOK
bOr0, Ha KpPailHIX aToMaX OKCUICHY 30CEpPE/KYEThCS NedKa HAJIUIIKOBA
eJeKTpoHHa rycthuHa. Came yTBOPEHHS CECKBIOKCHIY HITPOI€HY BHU3HAudae
IIBUJKICTh [11a30TyBaHHs. Y TaKUX yMOBaxX KOHIIGHTpallis aMmiHy He Oyje
BXOJUTH B KIHETUYHE pIBHSHHA, a PEAKUId 3aJUIIUTHCA B 3arajlbHOMY
JAPYTroro mopsJIKy:

v =k {HNO,]?

VY Bumajgky a1a30TyBaHHS HHM3bKOOCHOBHHUX AapOMAaTHYHMX aMIHIB
JIMITYIOUOIO CTaJIIEI0 PEakKilii CTae CTajis caMe HITpO3yBaHHs, a HE CTajis
yrBopeHHsI N,Os. Peakiiisi crae TpeTbOro mopsaKy — MEpIIOro 3a aMiHOM 1
JPYTroro 3a HITPUTHOIO KUCIIOTOIO.

v =k { AtNH,] {HNO,]*

3MiHa OOYMCIICHOI BEJIMUMHM KOHCTAHTHU IIBUJKOCTI 1a30TyBaHHS k
Ui 2-XJIOpAHUIIHY OOEpPHEHO TMpOoMopIliiiHa 30UIBIICHHIO KHUCIOTHOCTI
cepenopuina. lle moB’s3aHO, B mepuly 4Yepry, 3 MaJIHHSIM KOHIEHTparlii
akTuBHOI ¢opmu aminy (nuissHka A Ha puc.l). Y pasi 30UIbIICHHS
KOHIIEHTpalli cyiabdatHoi kuciaotu noHaa 0,1 M mBUAKICTE peaxiiii
J1a30TyBaHHs aHUIIHY IPOXOAUTh Y€pe3 MIHIMYM 1 HaJiajl OYUHAE IIBUIKO
3poctaTu. [loNOKEHHS UBOro MIHIMyMY 3HAYHOKO MIPOK 3aJIeKHUTh BIJ
KOHILICHTpallli HITPUTHOI KUCJOTH 1 BIJ IPUPOIU aMiHy. Peakuisa mepecrae
OyTH PpEakii€l0 APYyroro MOPSAKY 3a HITPUTHOK KHUCIOTOK), a CTaE —
nepuoro. Tomy B Takux yMoBax N,O; He Moke OyTH HITPO3YyIOUUM areHTOM.
PiBeHb KHCJIOTHOTO Karajiidy, BKa3ye Ha Te€, II[0 KOHIICHTpaIlisi HOBOIO
HITPO3YIOYOI'0 areHTa MBHJIKO 3pOCTA€E 31 301IbIIEHHSIM KUCIOTHOCTI. Takum
HITPO3YIOUMM areHTOM MOKe OyTH abo HiTposuia-kaTion NO' a6o
HiTpo3anuii-karion H,O'-NO. HasBHicTh TTOBHOTO TO3HUTHBHOTO 3apsmy Y
HITPO30HIM-KATIOHY Ta  HITPO3ALMAIN-KAaTIOHy poOUTh iX  3HAYHO
CUJIBHIIIMMU J11a30TYFOUUMH areHTaMHu.
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SKIIO KOHUEHTpalis NepXJIOpaTHOI KUCIOTH nepuBuinye 70 BaroBux
BIJICOTKIB, TOJ[I IIBUJKICTb [1a30TyBaHHS aHUJIIHY MPOXOJIUTh 4Yepes
MaKCUMyM 1 Jlajl MOYMHAE MBUAKO 3MeHIryBatucs (auistHka C Ha puc.l).
HIBuaKICTH peakilii Ala30TyBaHHS Ha AUISHI B He 3a1eXuTh BiJ IapaMeTpa
KUCIOTHOCTI hy, ToAl sik Ha AUIsIHIN C KIHETUYHE PIBHSHHS Ma€ BUTJTISL;

vs = ki {ArNH,] {HNO,] hy + ‘k» { ArNH;' ] [HNO>] h,
BHecok KOXXHOTO 3 10/IaHKIB 3aJI€KUTh B1JI OCHOBHOCTI aMiHy 1 KMCJIOTHOCTI
cepenoBuina. Ilepmmii 4jieH piBHAHHS Ja€ OUIBIIMNA BHECOK 3a BIJHOCHO
HU3BKUX KHUCIOTHOCTEW I MaJOOCHOBHUX aMIiHIB, APYTMil — 3a BUCOKOI
KUCJIOTHOCTI JJI1 OCHOBHUX amiHiB. Tak y Bumaaxky anumny misg 57-61%
HCI1O4 mae Burisia;
v =k {ArNH,] {HNO,] h,>'

a s 66-74% H,SO,4 BUAKICTS TPONOPITiiiHA h0'2’4

HMinsaka C BiANOBIAa€ PIBHIO KHUCIOTHOCTI, 3a $SKOi pIBHOBara
MEPETBOPEHb HITPUTHOI KHUCIOTH MOBHICTIO 3MIIIEHA B CTOPOHY YTBOPEHHS
HITPO3UJI-KaTIOHY, @ aMIH OBHICTIO IlepeOyBae B popMi aHIIIHINA-KATIOHY. Y
TaKUX YMOBaX JIMITYIOUOK CTaJI€I0 peakilii 1a30TyBaHHS CTa€ CTaJls
JIENPOTOHYBaHHS N-HITPO30aHUIIHI-KaTIOHY.

Toni B 3aranpHOMY BUIIAJKY MEpIIy CTAII0 Peakiii A1a30TyBaHHSA —
HITPO3YBaHHS — MOHA MOJIATH CXEMOIO:

+ PRany) +
NH, + H <=—= NH; PKaN) >> PKa(r)

+NO" / l N

H
— . PR . N et
\ ! / NH, + H =—>= NH; /N- NO
: . H
NO" NO*
H
T\ o+ |, +
\ / NH, —_— I\II—H —— N=N
SN NO
"NO

Jl1a30TyBaHHS B CEpEIOBUII XJIOPUAHOI a00 OPOMITHOI KUCIIOT JEIIO0
BIJIPI3HAETHCS BiJ peakiiii B cepeoBUII CyJib(haTHOI 1 TEPXJIOPATHOI KUCTIOT.
Sk BUSIBUIIOCS TAJIOTEH1I-aHIOHU KaTali3yl0Th PEaKIlito 1a30TyBaHHS.
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Y  npucytHocTi  HykieoinbHOro  aHioHy X YTBOPIOETHCS
HITPO3YIOUUW areHT, €EeKTUBHICTh SIKOrO 3aJI€KUTh HE TUIBKHU BlJ HOro
€JeKTPO(DIILHOCTI, ajie 1 BlJl KOHCTAHTH PIBHOBAru B PO3YMHI:

HNO, + X~ + H 5§ XNO + H,0

['apocynbdar- 1 nepxjaopar-aHIOHU 3HAYHO c1a0II1 HyKJI€o(pUTH MTOPIBHSIHO 3
rajoreHii-aHioHaMH, 1 3a iX MOPUCYTHOCTI Mae Micie yTBopeHHs N,Os.
HesBaxaroun Ha Te, mo NO, 3HAYHO CWJIBHIIIMN HYKJIEO(D1]I, TOPIBHIHO 3
CI" 1 Br™, ane BoHu Ou1bII €EKTHUBHI B PO30ABIECHUX PO3UMHAX XJIOPHIHOI
a00 OpOMIJIHOT KHUCIIOT BIJMOBIAHO, 3aBSKHU 1X 3HAYHO BHIIIN KOHIICHTpAIIIi.
Tomy HITPO3UIIXJIOPHU/ 1 HITPOZWIOPOMIJ, SIK1 JIETKO YTBOPIOKOTHCS 3a TAKUX
YMOB, BUCTYIAIOTh SIK HITPO3YIOUl ar€HTH.

[lig 4yac pgia30TyBaHHS B OpraHiYHUX PO3UYMHHHUKAX XapakTep
JIMITYIOUOI CTajli 3aj]eXuTh BiJ YMOB NPOBEACHHS peEakiii 1 MpUpOaU
PO3UMHHMKA. Y BUIAQJKY J11a30TyBaHHs aHUTHY €0 N,O3; B aleToOHITpUIIl
a0o eTujanerari JiMITYIOUOK CTaII€l0 € TeHEPYBAHHS KaTiOHA HITPO3OHIIO,
y pa3i aiazoryBaHHs mnponiiaHiTpuroM 1 HCl y mpomanoni — yTBOpeHHS
HITPO3aMOHI1€BOTO KaTiOHa.

TakuM YMHOM J1a30TYBaHHIO MIJJIA€THCS aMiH Yy BUIVISIAL BUIBHOT
OCHOBHM (32 BHUKIIOYEHHSIM CHJIBHOKUCIOrO cepeaoBua). JIimMiTyrouoro
CTaJII€0 BCHOT'O MPOIIECY A1a30TyBaHHA € YTBOPEHHSI N-apUIIHITPO3aMOHIIO,
Jaial CHIAye psAl IMIBUJIKUX MPOTOTITUYHUX PIBHOBAr, IO MHPUBOASATH J0
J1a30CTIONYKH, SIK 10 KIHIIEBOTO POJIYKTY.

1) ArNH, + N,O3 S ArN'H,-N=0 + NO,~ (HOBiBHO)
AINH, + O=N-X S ArN'H,-N=0 + X~ (TOB1JIBHO)
X = Cl, BI', S(CH3)2, SCN, SC(NHQ)Q, L.
ANH, + H,O'NO S ArN'H,-N=0O + H,O (TIOBLIIBHO)
AINH, + N=0" S ArN'H,-N=0 (TOB1JIBHO)
2) ArtN'HN=0O + H,0 S ArNH-N=O + H;O" (IBUAKO)
3) A-INH-N=0O + H;0" $ ArNH-N=O'H + H,O (IIBHAKO)
4) AINH-N=O'H + H,0 S (E a6o Z) A—N=N-OH + H;O (umBuaxo)
5) AIN=N-OH + H;O0" S Ar-N=N-O'H, + H,O (IIBHAKO)
6) Ar-N=N-O'H, S Ar-N," + H,0 (IBUAKO)

3.1.2. Meroau npoBeJIcHHSI peakiiii Aia30TyBaHHS

VY Bumaaxky mpoBeAeHHS peakilii J1a30TyBaHHS 1CTOTHE 3HAYECHHS Mae
PO3YMHHICTh aMiHIB 1 IX COJIEH, @ Y BUNIAJAKY MaJIOi PO3UMHHOCTI — 3[JaTHICTh
YTBOPIOBATU APIOHOAMCIIEPCHI CyCHeH31i. 3a3BUuaid, aMiHM 1 COJII aMiHIB, SIKi
YTBOPIOIOTH ICTUHHI PO3YMHHU 200 BUCOKOJIUCIIEPCHI CYCIIEH3I11, J1a30TyI0ThCS
nerko. Tomy OJIHI€IO 3 TOJJOBHUX BUMOT JIJIsl YCHIIIHOTO MPOBEICHHS peaKiii
J1a30TyBaHHS € BHUOIP PpO3UYMHHMKA, SKUH BHU3HAYAETHCSA MPHUPOJIOIO
BUXIJIHOTO aMiHy. BIAMOBIIHO JO0 TPUPOAM PO3YMHHUKA METOJU

J1a30TyBaHHS aM1HIB MOXHa PO3AUIMTH HA TPU OCHOBHI TPYIU:
1. Jlia3oTyBaHHS aMiHIB Yy BOJHOMY PO34YMHI 3a MPUCYTHOCTI
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MIHEpaJIbHO1 KUCIOTH. 3pO3yM1JI0, 110 1I€ HAOIbII NPOCTUN 1 EKOHOMIYHUI
METOJI J11a30TYBAHHS, SIKUH BUKOPUCTOBYETHCS y BUMAJIKY aMiHIB BUCOKOI Ta
CepeIHbOI OCHOBHOCTI;

2. Jlia30TyBaHHsS aMiHIB y PO3YMHAX MIHEPAIbHUX KHUCIOT. Meton
BUKOPUCTOBYETHCA y BHUMNAJKY HM3bKOOCHOBHHMX aMIHIB, SIKI HE€3a/I0BUIBHO
pearyroTh 3 MaJOAaKTUBHUMHM J1a30TYIOUMMH areHTaMu. Y TakOMY BHUIIAJKY
aMIH PO3YMHAIOTh B KOHIIEHTPOBAH1! KUCIOTI 200 CyMillIaX KOHIICHTPOBAHHUX
H,SO, - H;PO4 a6o H,SO, - CH;COOH kucioT 1 oTpuMaHuil pO34MH 3a
OXOJIOJIKEHHS JOJAI0Th 10 HITpo3wicynb(parHoi kucinoTu. Llei xe meron
BUKOPUCTOBYIOTh 1 JIJIS1 11a30TYBaHHS 130MEPHUX 0-, M- 1 n-()EeHUICH I1aMIHIB.
VY 11bOMy BUIAJIKY CUIBHOKHUCIIE CEPEIOBUIIE JI03BOJISIE 3BECTH JO MIHIMYMY
p13H1 HOOIYHI MTPOLIECH;

3. Jia3oTyBaHHS aMiHIB y pO3YMHAX OPTaHIYHMX PO3YMHHUKIB Mae
OOMEKEeHE 3aCTOCYBaHHA 1 BUKOPUCTOBYETHCS TIIBKH TOJl, KOJHW IHIII
METOOM HenpuaaTtHi. Ajne B Ja0OpaTOpHIM NpakTULl 1 332 HEOOXIJTHOCTI
OTPUMAaHHS J1a30CHOJIYK y TBEPAOMY CTaHl A1a30TyBaHHS B OpPraHIYHUX
PO3UYMHHUKAX BUKOPUCTOBYETHCS J1y>KE YACTO.

Y BOJHOMY CepelOoBUIIlI BUKOPHUCTOBYIOTH KIJIbKA PI3HHUX CIIOCOOIB
3MIIIyBaHHsl peareHTiB. SKio amiH Jo0pe ado MalOpO3YMHHUN B KUCIIOMY
CEpEeIOBHILI BUKOPUCTOBYIOTh “TIpAME’ 11a30TyBaHHA. Y TaKOMY BUMAJAKY J10
OXOJIOJIPKEHOTO PO3YMHY aMiHy B IPUCYTHOCTI CHJIBHOI MIHEPAJIBHOI KUCIOTH
(six mpaBusio HCI, H,SO4) nonaroTe po3unrH HITPUTY HaTpiro. Takuii cnocio
BUKOPUCTOBYETHCA MJIsl J11a30TYBAHHS aAHUIIHY, aJIKOKCH-, aJKUI-, TaJIOreH-,
HITPO-, CYJIb(O- Ta KAPOOKCUIIOX1THUX aHIIIHY.

“3BOpOTHE” A1a30TyBaHHA BUKOPHUCTOBYIOTh JJIA MTOIAHO PO3YMHHUX Y
KHUCJIOT1 aMiHiB, ajie JOOpe PO3UMHHUX Y JY)KHOMY CEPEIOBHUIIL. Y IOMY
BUIAJIKY JIY)KHUW PO3YMH aMiHY 1 HITPUTY HATPIIO MOCTYINOBO BBOASATH Y
BOJHUM pPO34YMH 0x0J0/pKeHoi MiHepasibHO1 kuciaotu (HCI abo H,SO,).
Takuii cnoci0  BUKOPUCTOBYETHCS, HANpPUKIAA, JJIsI  J11a30TyBaHHS
aMIHOTPYIIM B MOHOA300apBHUKY: aHUIH — Kiese kuciora

_N NH,
QN/ i | \

SO;H

nuca3o0apBHUKY: 3-amiHOHadrtaneH-1,5-gucynsponarHa kuciora — 1-
HaTHiIaMiH — 5-aMiHOHaTaneH-3-CyJab(OHATHA KUCIIOTA:

b
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Bukopucranus = “o0epHeHOro”  J1a30TyBaHHS  BUKIMKA€E IEBHI
TPYAHOII, SIK1 MOB’s[3aH1 3 OXOJOMKEHHAM peakiliiHoi macu. Tomy po3dunH
aMiHy CJiJ] TTOBUIBHO JOAAaBaTU J0 PO30aBJICHOI0 PO3YMHY KUCIOTH. Alle y
BUIAJIKY aMiHIB Ha(TaJe€HOBOTO psAIy, KOJIM YTBOPEHHS TpPHUA3€HIB HE
CIIOCTEpPIraeThbCs, JOLIBHO  BUKOPUCTOBYBAaTH  METOHA  ‘“3BOPOTHOTO
00€pHEHOr0” N1a30TyBaHHA. Y TakOMy pa3l PO3UYHMH KHUCIIOTH JTOAAKTH JI0
JY>KHOTO PO3YMHY aMiHy Ta HITPUTY HATPIIO.

Jia30TyBaHHS  NEPBUHHUX  ApPOMATHMYHHMX  aMiHIB  OIUCYEThCA
HAaCTYITHUM CYMapHUM PIBHSIHHSM :

ArNH, + NaNO, + 2HCI = ArN=N-CI" + NaCl + 2H,0
2ArNH, + 2NaNO, + 3H,SO; — 2ArN'=NHSO; + Na,SO4 + 4H,0

HannumikoBa HITpUTHA KHUCIOTA CHOPUSIE 3POCTAaHHIO CTAOUIBHOCTI
J1a30C