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APEHDbI

CrpoeHune Monekynbl 6eH3ona
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MoneKyna 6eH3ona -
NPaBUbHbLIA NNOCKUA
LWeCTUYTro/IbHUK

Bce wecTb aTOMOB yriepoaa B
COCTOAHUM Sp? TMbpuansaumm

HernbpuaHblie p-é Kaxaoro us3
WwecTn atTomoB obpasyioT
eAMHOE 3/IeKTPOHHOEe 061akKo,
KOTOpOE HaxoauTca Had v noa
NNOCKOCTbIO YINEBOAOPOAHOrO
cKkeneta

OnuHbl C-C cBA3e 0AUHAKOBbI
u pasHbl 0,139 HMm

Yron paseH 120°
AnuvHa C-H ceazeit — 0,109 Hm



Baxueimmue ApoMaTH9eCKHe COeTHHeHHA !

METHITOSH30I H,C
(romyom) . ;
(xcEmoI) CH;
OH | OH
deron
MEeTHIEHOT
(xpesox)
00H COOH
o OOH
OeHsoHHAH K-Ta drranesas x-ra
CH=CH; CH,-CH,-CH;
BHHEIOEH3ION
(crepou)
IPOIEIOEH301

CH;,
C,Hs

COOH

COOH
TepedTanesas X-Ta

CH;-CH-CH;

(xynoum)



ApoMaTHuecKre paguKaJIbl

v denn @ unu —CH;
v’ OeH3UJI @-—CHZ— unu CcH-—CH, —




H3O0OMEPHI H HOMEHKJIATYPA I'OMOJIOI'OB BEH30JIA

1. H3oMepHs YIIepoaHOro cKenera G0KOBOH LemH (H3oMepus cTp-1 YB R).

CH,-CH,-CH;3 CH;-CH-CH;
IpOIHIOEH30I H30IPOIHAIOCH30T
(xymom)

2. H3oMepHs 9HCIa 3aMECTHTETICH B ITHKIIC.
CH;

C,Hs

CH;
S3THIOEH30I 1,3-mEMeTHIIOCH30IT

(Mema-xcumomn)

3. H3oMepHs MOIIOKEHHUA 3aMECTHTEIIEH.

CH;3; CH; CH;
CH;

CH;
1,2-mEmeTHIOSH30N
1,3-mEMeTEIOCH30T CH;
(mema-kcumom) 1.4-maMeTHIOCH30T
(napa-xcunomn)

(opmo-xcunomn)



dun3nyecKkmne cBOUCTBA apeHOB

BeH3on u ero 6aukalume romonoru — 6ecuBeTHble XXUAKOCTH
HepacTBOpMMble B BoAe,HO XOpOoLUOo

pacTBoOpAIOLWMECcA BO MHOTMX OpraHUYeCcKUX XUAKOCTAX.
Jlerye BoAbl. OrHeonacHbl, TOKCUYHbI




HOJYYEHUE BEH30JIA 1 EI'O 'OMOJIOI'OB

NCTOYHUKHU NPOMBIIIIVIEHHOI'O TIOJIYYEHUSA APEHOB:

I

Hedtp KamenHoyrosnbHass cmojia - cMecb YB, B cocraB k-poit
BXOIAT OCH30J1 U €r0 TOMOJOTH - TONYyOod W Kcunoja. Hx
BBIZICJISIIOT ¢ MOMOMIBI0 (PpakuroHHOUW meperoHku. O6pasyercs
BMECTE C KOKCOM IIPU KOKCOBAHHMHM - HATPEBAHUU KAMEHHOT'O
yrisg 0€3 A0CTyma KHCIOpOAAa C LEAbI0 MOJYYCHUA KOKCa
(TBEpabBI MOPUCTHIA MPOIYKT CEPOr0 UBETA, coaepxkamuii 98%
Cu 2% H, S, N, O). Kokc npumeHSIeTCS Kak O€3ApIMHOE
TOIJIMBO, BOCCTAHOBHUTENb, PA3PHIXJIUTEIb TMPHU BBIIJIABKE
YyTyHa, B JIMTCHHOM IIPOU3BOACTBE, OBITY, XuUM. U
(heppOCIIaBHON OTPACIAX MPOMBIILICHHOCTH



CIOCOBBI XMM. CHHTE3A APOMATHYECKHAX COEJJUHEHHUI

1. JernapomHKiIH3anys (apoMaTH3ammsa) ankaHoB oT Cs.

300 °c, pt
CH3—CH2—CH2—CH2—CH2—CH3 —_— + 4H2T
TEKCaH
6enz0m1
300 °C, Pt CH;
CH3—CH2—CH2—CH2—CHz—CHz—CH3 B + 4H2T

renrad

MeTHI6eH301 (TOIyom)

2. JleruapupoBaHHE IHKIOANKAHOB OT Cs.

Pd,t
O + 3H2T

IHKJIOTeKCaH GeH301I
CH; CH;
Pd, t

+3H,1

METHIHKIIOICKCaH TOJIYOII

—
KaraauTauecknii paopMHEHT - IpeBpaleHHe Opele/IbHBIX YIIEBOAOPOJIOB B apOMaTHIECKHE C
eNbI0 MOTYJeHHs BHICOKOKAUYeCTBEHHBIX OEH3HHOB H ApPOMATHYECKHX YTJIEBOJIOPOJIOB



3. Tpumepuzanus.

(B
3CH=CH >
arneTHIeH
OeHz30I1
CH;
Cigit
3CH;-C=CH >
[IPONHH
H;C H;

1,3.5-TpuMeTHI0EH301
(Me3UTHIIEH)



4. JlekapOOKCHIMPOBaHUE COJIE OCH30MHON K-THI - CIUIABJICHUE TBEPIBIX

cojieii OeH30MHOM K-ThI (O0€H30aTOB) C TBEPAOU MIETOYBIO.

COONa

t
+ NaOH + Na;COs

TB.

\ %

OECH30II
OeHzoaT HATpHs (TB.)



5. Ilonydenue ctupoia (BUHIWIOECH301a).

a) ACTUIPUPOBAHHUC STHIIOCH30JIA:

CHz-CH:, CH_CHZ
+ HzT

STHIOCH30JI CTHUPOIJI

0) neruaporaioreHupoBanue 1-xiop, 1-¢peHmrana:

Cl
|

CH-CH3 H=CH2
t
+ KOHewpr pp —> +KCl + H,0

1-x7n0p, 1-peHunsTan CTHUPOJI



6. AJKWIMpOBaHME - BBEJCHUE HACHIIIECHHOI0O YB R B 0€H30JIbHOE KOJIBIO.

D10 cnocol IMOJIYYEHUS TOMOJIOTOB OEeH301a.

a) p-uusa Bropua-®@urTHra - B3-¢ METALIMYECKOro Na ¢ XJIOpaJKaHOM U XJIOPOEH30JI0M.

Cl CH;
+ 2Na+Cl-CH; ——> + 2NaCl
XJIOPMETaH

XJIOpOEH30II TOJIYOJI



6) p-umsa ®puaens-Kpajrca - ankHIHpoBaHHE 6eH3071a rajjoreHalKaHaMH.

CH;
AlCl;, t
+CH3-Cl —> + HCI
XIIOpMeTaH
benzoxn TOIYOI
H,-CH,-CH;
AlCL;, t
+ CI-CH,-CH,-CH; —>
1 xmopnponasn
benzon npormsIbeHz0I
CH3-CH-CH3
AlCIL;, t
+ CH3-CH-CH; — + HCI
Cl
berzon 2-xmopoponas H20NPOIMHIOEH30I

(xymom)

+ HCI1



B) AJTKHIITPOBAHUC OeH30I1a AIKEHaMH.

CH,-CH;
H3POy4
oo CH2=CH2 >
TeH
OeH30II
3THIIOEH3011
CH;-CH-CH;
H3PO,
+ CH;3;-CH=CH, D
IpOIICH
OeH30II
H30IIPOIMHIOEH30I

(kymou)



IHHOJYYEHUE BEH30JIA 1 EI'O I'OMOJIOT'OB
O

ITPOMBIIIIIEHHOE
IHHOJITYYEHUE
G APOMATU3AIIUS
AJIKAHOB

KAMEHHOYT OJILHAST
CMOJIA
AETUIPUPOBAHIE

IHUKJIOAJIKAHOB OT Cs

TPUMEPU3AIINS <:I

JAEKAPBOKCH/INPOBAHHUE
COJIEM BEH30MHOMU K-ThbI

OJIYYEHUE CTHUPO.I <:
O s

JAEI'TJIPUPOBAHUE YIEI'TJIPOI' AJIOTEHUPOBAHUE
ITHJIIBEH30JIA 1-XJIOP, 1-OEHUJIDTAHA
AJIKNJIMPOBAHHUE <:
(BEH3OJIA

e

<

PEAKITUSI
BIOPITA-®PUTTHUT A

AJIKHJIMPOBAHMUE
AJIKEHAMHA

PEAKIIUA
PPUIEJIA-KPADPTCA




XHUM. CB-BA APOMATHYECKHX VB

P-ITUH 3AMEINEHHAA

1. T'amoreHHpoOBaHHE.

kat
ClrCl ——> '+ 1 L] reTepOIMTHIECKHH pa3phIB CBA3H, 00pa30BaHHE HOHOB

O6pa30BaBIIHIiCS MONOXKHTEILHEH HOH CI™ BCTymaer B p-IIHIO ¢ GEH30710M:

Cl
A1C13 (FeClg), t
+CL,—————— + HCI

GeHzon XIOpGeH301

Br
FeBr; (AlBr3), t
¥Bn, — + HBr
MOJIEKYJIAPHBIH
Opom
6enzon

6pomOGen30I
(6ecnBeTHAA KHAKOCTH

€O ClIaIKOBATBIM 3anax0M)

*

Ka4YyeCTBCHHAd P-IIHH HA 0eH3zoa

+ Bn; WL? 0eH30.1 He 00ecIIBeYHBAaeT OPOMHYIO BOAY!

6pomHAasn
BOJA
GeHzon



B MOJICKYJIC TOJIYOJIa MCTHWJIIbHAs I'pYIIIIa oOjer4aer 3aMCIIICHHUC B KOJIbIIC. PeaKI_II/IOHHaJI CIIOCOOHOCTH
IOBBIMMIACTCA U P-IHUA HIET YXKC IIpH KOMHATHOM t. 3aMCIIICHI/IC BCerjaa IIpoucxoJuT B opmo- U napa-
IIOJIOXKCHHC, 06pa3yeTcx CMCCh H30MCPOB:

CH;
A1C13 (FeCl3)
2 +2CL, —> + 2HCI
TOJIyOT 1-meTun, 2- Xn0pOeH301
(opmo-xnopronyoun) l-MeTI/IJ'I, 4- XJIOp68H30JI
(napa-xnopronyomn)
CH3 CH3
C 1
AlCI; (FeCly)
+3CL > + 3HCI
TOJYOII Cl

2,4,6-TpUXIIOPTOIIY 0T



OpueHTaHTbL!

e,

NO,

2
N2

I pona 11 pona
(OpTO- N Napa-opueHTaHTbl) (METa-OpPUEHTaHTbI)

- OH : N+H3

- NH2 CH3 - N02

- NR, - SO;H

- NHR (‘ ’) - COH

- CH; - COOH

- SH o) - COOR

- Hal S -CN



2. TaioremupoBaHue 10 a-aToMy C B 60KOBOH LeIH (711 TOMOJIOTOB OeH3011a).

a B
CH,-CH, CH-CH;
hv EmH t

+ CL, Cl + HC(C

Vv

STHIOEH301 1-xn0p, 1-peHnI>TaH

HpH IIPOAOJDKCHHH I'aJIOFCHHPOBAHHA BTOpOfI 4ATOM rajiIor¢cHa CHOBa BCTAHET B O-IIOJIOKCHHE.

a

CH;-CH-CH; CH;-C-CH;

hv ot

+ Ch

V

+ HCl

2-x710p,2-(peHHIIpONaH
H30NPONHIOEeH301 P.2-¢

(xymom)



3. Hurporange.

kA lHO—NOm + HzSOmJ _—
Y + H,0O

HETPYIOIAA CMECh
(ToEEmax mmmcm EHIKOCTS KENTOrO EeTa
C 3a0aXOM IN'OPBEOTO MHEE/TAIIR)
KavJecTBeHHAN P-IHESA Ha OeH3on
CH, CH; CH;
NO;
t
+ HO—NOhm +HSO40en  —> + + 2H;0
TOIYOIX 1-meran, 2-pETpoberson
(opmo-merporomyon) NO,
1-merr, 4-sATpOSeHEzON
(napa-serporouyor)
CH, CH;
O;N NO,
t
+ HO-NOzopn + H2SOygopy, —> + 3H,0
TOIyoI
NO; \
2.4 6-TpEHATPOTOIYOI B3PEIBIATOE B-BO

(roa, TpoTaN)



4. Cyms(puposanue.

t SO:H
+ HO-SO3HK0HH % + H,0
OeH30I OeH30IICcyIbpOK-Ta
CH
CH; CH; ’
, SO;H
+ HO-SO;Hm —> i + H,0
opmo-ToIyoiIcynbpoHOBAA
TOJIY O SOH

K-Ta

napa-Tonyoncyib(oHoBasd
K-Ta



AHTUAPULBI -  coeauHEHUSA,

BOAbl OT KMUCAOT.

P>05

0BpasyoWMECa NMpU OTLWEMASHUM

CO,4 + H,0

yeosHot
anzuopud

YKCYCHb1H QHZUOPUO



[@anoreHaHrnapuabl — mpoayxr savemermus

I’H,II,p’.OKCHHbHOfI TPYIIIIBI B KHC/JIOTE Ha aTOM ra/iore€Ha.

0 C’O
H“C_C<01 @_ “Br

XJMOpRETHAPHA GpoMamrexpAx
YRCYCHRON KHCIOTH GeR30HRON HKICHOTES
(ameranxnopnz) (GpoMumcTa Ganaowmn

asu Genaownbpomng)



5. AumnupoBaHue no ®puaemo-Kpadrcey -
BBEACHHE B 0CH30JIbHOE KOJBI0 AIINJILHOM

P’
rpyvansl R-C~ °
Py \

i
C—¢
O ACl3, 80°C e
G~ | e - —— + HCI
~cl
Genszon xs10panzudpud ayemogenon
YKCYCHOI K-mbl (Memungenunxemon)
o
g
i ~CH;3 (o]
0 AICI;,80°C . CHy— C/:
+ CH;— Cc. o R OH
CHg—C< ayemogenon FRCpCHaREmE
benzon - (Memungpenunkemon)

YKCYCHbLU

anzudpuo :

Cnocoo ROJJIYUHECHUA APOMAMUUECKUX KEMOHOB



P-IIU IIPUCOEIJMHEHHMA - pDpoxomar

pa3pylieHHeM apoOMaTHYECKOro KOIbIIa.

1. T'mapupoBaHHeE.

kat. t, p
+ 3H, -
GeHzon
CH; kat, t, p
+3H, —
MeTHI0eH301 (TOIyo)
CH=CH, kat, t

+H, —>

BHHHJIOEH3011 (CTHpPOIM)

B JKECTKHX YCQIOBHAX C IIOJIHBIM

ITHKIJIOT'€KCaH

CH;

METHIIMHKIOI €KCaH

STHIAOEH30

CH,-CH;



2. lamoreHupoBaHUE.

Cl
V@ (hv) C Cl
+ 3Cl, >
OeHz0m €l Cl
Cl
IeKCaXIOPITHKIIOICKCAaH
(rekcaxiopaH)
benzos He npacoexnnsieT Opom!
CH=CH; CH-CH;

+ Cl, =3 | |
Cl Cl

BHHHI6EH30]1 (CTHPO) 1,2-mxiop, 1-¢enmmTan



3. T'uaporaroreHHpOBaHHE.

ben30.1 He HNPpHCOCIHHACT I'aJIOF(‘HOBOIIOPOIIbI!

CH=CH, CH-CH;
+ HCl ——> |
Cl

BHHHJIGEH30.1 (CTHPOX) 1-x110p, 1-peHHITaH

4. Tuxaparamus.
ben30J1 He IpHCOeTHHAET BOAY!
CH=CH, kat, t CH-CH;
OH

1-peHHI3TaH, 0-1
BHHHJIOEH30I (CTHPOII) ¢ .



5. llommmepusanusi.

CH=CH, CH-CH,;—

BUHHJIOCH30JI (CTHPOJI)

ITOJIMCTHPOJI



PEAKIIUU OKUCJIEHUA

1. Oxkuciaenne KMnQOus.

ben30.1 He oOKHCIsIETCS NEPMAHTaHATOM KaJUA AK€ B J0BOJIbHO KECTKHX yC.J'lOBlrlﬂX!

OpHAKO roMoniorn 6eHs3oNa MOryT 6biTb OKUCIEHbI PACTBOPOM MEPMAHIAHATA KAnus
B HEMTPANnbHOM cpeae Ao 6eH30aTa Kanus:

CH; COOK
+ KMnO, — + MnO.| + KOH + H.O <":| obecuBeuHBaHHE
@ ‘ @ y . p-pa KMnO:
L) O benzoam xanus

Kaxoii 0b1 ATMHHON HH ObLIA YIJIEPOAHAS LeNb 3aMeCTHTEIs, BCEra MPOMCXOAUT eé Pa3phiB nocie nepsoro aroma C
U NEePBbIA ATOM OKHC/ISAETCS 10 KAPOOKCHILHOM Tpynmnbl ¢ 00pa3oBaHueM 0eH30iiHON K-Tbl. OcTaBmIAsiCH 4ACTh
MOJIEKYJIbI OKHCJISIETCH 10 COOTBETCTBYIOLIEH KAPOOHOBOH K-ThI (eciu 3T0 oauH aToM C, OH OKHCIsIeTCsE 10

MYPaBbHHOH K-Thbl, KoTOpas pacnagaercs Ha CO2 u H,0):

CH,-CH, COOK
+ KMnO, — + K,CO, + MnO,| + KOH + H,0
Imunbenson benzoam Kaaus
CH,-CH,-CH, COOK
+ KMnO, — + CH,-COOK + MnO,| + KOH +H,0

ayemam Kanusa

nponunéenson
P benzoam Kanus



OkucneHne roMonoros 6eH3oNa NePMAHraHATOM UMM QUXPOMATOM KANUs
B KUCJIO cpefe NpUMBOAUT K O6pPA30BAHUIO 6€H30MHOM KUCOTbI:

COOH

CH,
@ + KMnO, + H,SO, — @ + MnSO, + K,SO, + H,0

monyon

Oenzounan k-ma

CH,-CH, COOH
@ + KMnO,+ H,SO,— + CO,t + MnSO, + K,SO, + H,O
Imunbenzon Oenzoiinan Kk-ma
CH,-CH-CH, COOH
@ + KMnO,+ H,SO,— + CH,~-COOH + MnSO, + K.SO, + H,O
YKCycHaa k-ma
nponunbenzon OeH301HaA K-ma
CH,-CH-CH, COOH
@ + KMnO,+ H,SO,— + CH,-COOH + MnSO, + K,SO, + CO,t + H,0
YKCyCHAA K-ma
CH,-CH, COOH

mepe@pmaesan K-ma
napa-amuﬂnponujﬁeﬂmﬂ P ¢ ¢ ¥



OkuncneHue roMonoroB 6eH3oNa NepPMAHrAHATOM KANus B LENOYHOM cpefe
NPUBOOMUT K O6PA30BAHUIO 6eH30aTa Kanus (mnogo6Ho HenTpanbHOM cpepe):

CH, COOK
@ + KMnO, + KOH —’@ + KMnO, + HO
monyon Gensoam karus
CH,-CH, COOK
@ + KMnO, + KOH —>© +K,CO,+ KMnO,+ H,O
smunbenson Gensoam xanun
CH,-CH,-CH, COOK

@ + KMnO,+ KOH —»@ + CH-COOK + K.MnO, + H,O
auemam Kaaus

nponunbexson benzoam Kanus



2. OxwucieHHe KyMOJa KHCIOPOIOM BO3ayXa B IpUcyTcTBHH HySOy.

CH;-CH-CH; OH
H,80, ¢ KyMOJIBHEIH CIIoco6
+ 0, E + CH3‘ﬁ'CH3 nonydeHus penomna
O
KyMOJI denon aleToH
(m3onpormHnGeH301)

3. T'opeHnue (IOIHOE OKHCIIEHHE).

beHnz011 u ero roMoliory, kak 1 Bce ¥B, cropator 10 CO, 1 H,O.

C.Hy, 6 T 3n2_3 0, ——— nCO,+ (n-3)H,0 - yp-€ p-IIHH HOJIHOTO CropaHus O0eH301a H eTo

apeH TOMOJIOT'OB B OOIIEM BHIE

2CHs +150, — > 12C0,1 + 6H,0

OeHzon



XUMHNYECKHUE CBOMCTBA
APOMATHUYECKHX YIJIEBOJIOPOJIOB

I. PEAKIIMUA SAMEIHIEHUS
Oen3osa
roMOJIOr0B 0eH30.1a
'He o0ecuBeYHBaET
Opomuyo Bony! kat AICI3 CBGeT
G rajlor¢eHUPOBAHMNE
raJloreCHUPOBAHME

o ajab(pa-atomy 00KOBOM MENH
10 OCH30JIbHOMY KOJIBILY

!KauecTBeHHAas P-mus HA OeH30.1!

17 ~

O BIOPIY-®UTTUT'Y IO ®PUEJJIO-KPA®TCY

AJIKHJIMPOBAHMUE
AJIKEHAMH



XUMHUYECKHE CBOMCTBA
APOMATHUYECKHX YIJIEBOJOPOI0OB

II. PEAKIIMM TIPUCOEJIMHEHUASA
(t, kat, p, mostnoe paspynicHue apOMATHYECKOr0 KOJIbIA )



XUMHWYECKHE CBOHUCTBA
APOMATHYECKHX YIJEBOJIOPOI0OB

III. PEAKIIMHX OKUCJIEHUA

OKHUCJIEHUE B HEUTPAJILHOM OKHCJIEHUE B KHCJIOU CPEJIE
WJIM CJIABOIIEJIOYHOM CPEJIE KAPBOHOBBIE K-TbI, K2S04, MnSO4, H20

COJIA KAPBOHOBBIX K-T, MnO2, KOH

<

OKHCJIEHUE B IIEJIOYHOM CPEJIE
COJI1 KAPBOHOBBIX K-T, K2MnO4, H20



TTpumeHeHue apeHos

Haubonbwee npakruyeckoe 3HauyeHue
umeeT beH3on:

Kanpon Hucexruunnn Kpacurenu

(pHeCH(CH); M BEH30I

CgHg

B9 1599 IMHHIE Lodea[[

CHECOGH, NCFHESCHEGH)

DeHONOHOPMATEAETHAHEIE CMOTIE

[lonucrupon




0 N S T

10.
11.
12.
13.

Bonpocwt ona camokonmposn:

YTo Takoe apoMaTHYECKHUE YIIIEBOAOPOIbI?

OoOmas popmyna apeHOB?

CrpoeHue MOIEKYJIbl O€H30J1a.

D opMyJIbl M1 HA3BAHUS OCHOBHBIX apOMAaTHYECKUX COCTUHEHUN?
[IpuMepbl apOMaTHYECKUX PAIUKATIOB?

M3oMepust 1 HOMEHKJIaTypa TOMOJIOTOB O€H30J1a?
PDU3NYECKHIE CBOMCTBA APECHOB?

VICTOYHUKN MPOMBIIIIIEHHOTO TTOJY4YEHHsT apeHOB? UTo Takoe
KaMEHHOYTOJIbHas cMoia? YTo Takoe KokcoBaHue? YTo Takoe
KOKC?

Yto Takoe KaTaTUTUIECCKUN pUDOPMHUHT?

Yro takoe opuenTantsl I u Il poma?

KadecTBeHHBIE peakIiuu Ha O€H30J1?

Yto Takoe aHruapuabl? UTO Takoe rajoreHaHTUAPHIbI?

YTo Takoe anuIupoBaHUE?



