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Solvent Effects BEHN; RIKA;
4.2 Hammett 7 12: IgK /K, = pd’ or Ig ky/ky= po
Hammett 5 78; BURE: ¥ 3 (Substituent constants, 0); R H L p

4.3 Hammett/7 B2 R & 512 1E

O PIERZE S ERME: REDRRIEER; RESBAHRE
( 4 #HTJ‘ ) O WEBILHE:  1g ky/ky = p*o* (or p'o-) Brown-Okamoto 5 2

O TAKSEPEER: 1g ky/ky = plo + r(ct — 0)]

4.4 Taft 5 f&: 1g ky®/ky® - 1g byl = p'c”

so1or0i0-FAft-Ingold T #: g ki7hy, = p'o™ (+psEy)

5.1 HLBRBMERTS e )

BARMERS T ANEMA AR ERER, TEERS
8 Ay v 3 { Y o) g & V-3
FHRREN. BHESRETN. AERNESHEERRE, T RTRTRENEFABE, GRRENTASHAE

B R SR RAEE AT RA, Bltn: 7R Bz TFSSHERRS/ ASERERN. BA
SHESTANNRSGHANE] BEANAXSERREE
440 HWEERROTHETHR. RiEHIF—HEREZES),
RIS FREIX REEELAMLENE, TR, REELHR
L koerso) FEREERGNAEET YR, FERAENEERHS2
“ﬂf”*”wf_*'”ﬁfN+Mw“ T HEFA RSIRARENER (SRS TRAUER
10° S8, MRTFHERE(Eroticliquid), HAREAER) .

REEEHMEANEN, BANEARTAZRE.
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kvecn)

+
RI + NMe; —> R—NMel™

k(cs2)

ERTHEBHRN, BHNMNEARE:

BT R AT ELAE R B4
BOTEANE, XE M

LR, BNGHERN BrEH{EM (electrostatic interaction)
Fu, M TARBHN €8 (hydrogen binding)

STFHEREER, MBFEBESY (charge transfer
complex; B FRAIR-ZHMEEER) .

XELHBIONBEEBRGRNBHER . 4 TFHE
BHEFNREX, BRNEEX. RENHESNENN
%54 (association) TREFIE:E.
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— AR ESE KEBSEHSE,
Liquid cal/K-'mol"! WL UTIE=EF =
WEFE. KHES
FEEAHRBTE
A R AR AL ET S
£, XFREER
BHTANBKR-18
RAMBRSEER.
HR, BRREN=F
BRI B 2 T E11E
AH%, 4TRER
KHWBEHBE.

BFI{L(Solvation)
BRERMAkERAEN-BRANEEER, RERSMBENXAE

H,0 16.71
EtOH 38.2
MeCN 34.4
AcOH 38.2
MeNO, 40.9
CICH,CH,CI 49.7
BrCH,CH,Br 53.3
Cs, 56.6

AFEBERA BRSER) —REFEHERE.
BRMEE = GEAL-RR) - GBA-ERD
A ERBR-BERZEER SRR
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% & (solution)
B BRTBT (solvent) FFF R (solute) BT E & MR R A IE, MRHF
BOIBEARMELEN, BABLAMREEREHEN®RLD, 46,,<0.

OOOOOODOOQ + ANALR OoAOADAvo o

RTEF 0050%% — e,y

I R R B solvent solute
HiZE, &

F AG,, HIFTRK
(a) FEFBFIR=E — 4 cavityZispace +
'l . BOER-ENEEER)
(b) W—BENTARREBERIF
(BB RAIER )
solution c cavity i #g

nIxigs j o
Eiﬁ%%x_ o5 4 ) BAE HoiEZs
o }-l, °°o°°°o°°° AABR

5, Heh !
THHEET ¢AH2>0

1Lt A AHg<0

5000

o

©° 0600 &> —(C Aoo 0 0) &5
900%0 20000

(), WFAFEFEhENN, SNPEN, BAREENESHE
%X. AL AEOMTLE . MRBFAMBRAFEREM, W),
ORERAXNS (Y, BLABERERK.
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BN E—HaE (RERBOER) WREH, AEN 5.2 RADR A R E R

BAReTEEFEHT, X<-BEZNERNNHIINSG
FFER/D, BALE2SE. FRt, REHBESFREHD
B R AE FIRIE 3R .

BFEKDHTER. B
X1 (cybotactic region)
AEBR%=. MEEAK
BRNAEFLET, TES
FHOBFI A F R
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PR ERHERZRR: SFENER

DAR 1 (polarity)

FHIEER (non-specific) RIWSIFNHERS, REFHHEEPNMER.
EBEF R E R NBRMER 208, REIMEIERRENHRAR
MR, AR SEFMLRTRERTIAEIRRARM (polarity) .

AR EREHFTERREOEFILES, BREFILERSER.
BREOER. XDEIEER)BEX.

Bin, DMSOT RUEIERE FEHHLTIA SEfE Sy FRAFZEHRAIL
2)AT R L ¥ (polarizability)

XMIERRRR. BARENE, B3&EMRFHEESHANIE
BT BIRIER £ EERS] . ERFE—1 2 FRNETESHESN
AEHMEATHENL, ERTITINEE—4EE(FA (London,
Dispersion Forces) (£%J1, B#N) . BHNIRSE, RAEERY
B PR BRERE OB S FERE.
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3) &% (hydrogen bonding)

4) - ZHHEEER (donor-aceeptor interaction)

5) EF RLX (ion pairs): FERUEBFMAER S, ETERKE
E LA, BABFHREEMZEMIEGHERETF
KREIRA, FABFHRSMNTERTSENRERTS
EEN. BEEEATEFNSEBETETHRNEY, B
e, WFEHISSBEFRANEENE TR ARG E.
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BRES S FRB—BNS THERFBRET, /BA

ARER BN FEHRERET W BREDEEH
B, BAMCERRARR T2/ BEARRUENLAEFIS
FRFHZEE T

%0/ @
She 45

59

b A (] BRI
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Soiventt Ay iRt o

Relative Compound Group Representative Solvent
| Polarity Formula Compounds 3
[Nonpolar | R-H Alkanes Petroleum ethers,
| | ligroin, hexanes

-H Aromatics Toluene, benzene
-0-R Ethers Diethyl ether
X Alkyl halides Tetrachloromethane,
chloroform
- COOR Esters Ethyl acetate
-C0-R Aldehydes Acetone, methyl ethyl
and ketones ketone
R-NH, Amines Pyridine, triethylamine
- OH Alcohols Methanol, ethanol,
isopropanol, butanol
Amides Dimethylformamide
Carboxylic acids Ethanoic acid
Rt Water
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BRNRESER S FRRBESSR, EERIREHT
RS RERIATILEES, EREFIKERERERUR
BRATFHORR. AMETEX. G, RBNIERTFER
HERFADMSOT UBHMEE R 7k, ERETIZHR
REBAULETHENRES, AISHDMSOPHRHET
SARBRESE: L.

ARUT IR AT
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3 BT 53E
BRIBRABRIEEER 9 %:

a. BT

BHEHTHEE, KNBIREMELRER, Wk, B, RxT2
LHIBER: .

b. B3k R A

BRWNBRE, TEASREE, RAMMERT, N-FLR,
B NNV-ZERREER, W

c. eI RFEA
ROWBIRE, REEEZAHMR, R, SRE, B
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Hith53385%:

REFNUZERSE: FFERE. BF5RIE. B
TSk

b YRR SE, BR. BAE. ARER BEF
c. HEB T RN R 53 36

i) BronstedERTEEIL : RIBHAIRZHE

ii) LewisERWIRIR : RiEeMIRTZEE
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5.4 7 RLIR 3 717 B ORISR

1. PRI
ERRRTETERY FHOMUE, —ERERBRNNEREAOG),
HRENTHEY. BETHEENCEREN—LBR:

2. SRIE T
HESHRALERNEARBORAL, BERRNBRLIERSE
B, REEAX
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REREAF BT, AiRE H AR T AR R
iE, BEAHERERNYE D ESEL.

A3 BARIE

_ \
HO™ + (C—Br — |

Y |
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BREEENEN 2> FHARANEBRENERY FREE
RERFMAEE., JARNMBRI FEEEERNXNIUR
TFRFMBESTFEHRIE. 5FHORRREAN. MalERE
BiSEEREE R (4H<0) . EFFEEHEM (45<0) .

- 908
solvation e @Q%
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Hughes-Ingoldi& I L ALR0 -
NEEBFALERPREEN—] (BH-BREGER) BEHE
fER, TRA:
a. MR R EUEN SRR AR,
FLBEFIRNESEM, ERY

b. 305R 5 RI5E b 5 TR B BT
BRI, ERY

c. SRR AL SRR A B e
MaBEFREEM, EE
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5.5 &T%%?ﬂ”‘tﬁgﬁm%ﬂ%ﬁ(em}ﬂrical indexes of solvation)

1. Scales based on physical properties

dielectric constant (/™ &, % 3, £)

BRI

ATFRBRIERTOES TRASETNSEER, BRE.
S E A BB A AT ID BT R 2R, p=rxq
(PR REHED, 1D = 335x108FEEK) . BRER—
K, HEPEANGBEROEEERRTRD.
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1Y B ¥ (permittivity) :

—HIATREESN N B IR £ 7= A R T P R T M S5 N R 3, XA
S35D MR IREIRE N T A/ R E W SRR BT R EEFI AR E
TRBREMEFOEE (NERRHEEER),, THEEZERNTE
B, TR E S S EED R AR X BB B (relative
permittivity), R BRI .

NHERR—IEANSH, ERREBNRESRERNED. &
BEHEX, RAAXENESEYRKES T MERTRRKSI
EFER, BRAKERRK. BEXNSTFERBE. STFIRLE, §
SREFAMEROENRTANNTEER.
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o SRR T AT, rEAERMEABERBERERLER. FAZRERA
(cm3 x 1024) (Debye) S5RNERHENXR, WKirkwooddFiH, BA—EEENHFERNN

n<Hexane 11.87 0,085 LM XPRERATNER. Kb, GrunwaldFWinsteinft AL
od, S : WIBAI R AR R RS TRm Sy, Hk—5%in s km

Et,O 892 = /115 & = 434 FHMMKER (Grunwald-Winstein egaation) %
1,4-Dioxane 8.60 k

Kirkwood function: /' f,=(e-1)/(2e +1)

i - .
Table 5.6 EGN + Mel - [Et;N- - -Me- -+ 1]} = Et,;NMel
Effect of solvent on rate
constants of the Menshutkin  Solvent 1
reaction.

Hexane

Carbon tetrachioride 3 022
Chlorobenzene - 038
Acetonitrile

Dimethylsulphoxide
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T 100%
MeCOMe
(reference

solvent)

o
13 50016

o
i

log Ky (relative 0 hexane, 1)

| I
03 04 [

(& = 2+ 1) s
1 L Fig. 5.7 Lack of correlation of the Menshutkin reaction (Fig, 5.6) when a large variety of solvents is used: 1, n-hexane; 2,
03 0.4 X cyclohcxanc; 3, carbon tetrachloride; 4, 1,d-dioxane; 5, benzene; 6, toluenc; 7, diethyl ether; B, iodobenzenc; 9, chloroform;

10, bromobenzene; 11, chiorobenzene; 12, ethyl benzoate; 13, ethyl acetate; 14, 1,1.1-trichloroethane; 15, chlorocyclohexane;
(£~ HQe+ 1) — 16, 17, 18, 1,1-di 19, 11,2, 2 21

Fig. 5.6 Correlation between log k,y; and the Kirkwood function, f, = (¢ — 1)/(2s + 1), for
the Menshutkin seaction Et;N + Etl = Et,NT in binary mixtutes of acetone-dioxane and
acetone-benzene.
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24, acetone: 2 26, 27, =,
31, di

1.2 2 3, 2,
N.N-di ide; 29, acetonitrile; 30, 32, propene carbonate.

2. Scales based on_selvent-sensitive reaction rates

& e LR B miE

SOH & &
Me;¢—Cl —»[ Me;C---Cl ﬁ—» Me;C—0S +CI™ +H* L4

PhCH(Me)Br

logk/ky= mY

kg —FRAEVE TR (ZBE /K viv 80:20, 25°C)H1 (RIS s

m— R B R SIS A R M Y B B, -
tert-butyl chloride, m, = 1.000; ¢
p-methoxyneophyl tos
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iag k (neophyl)

- 1180

ETRGENEFRNESE: E(30)

E;(30)YR-2,4,6-=FF-N-(2,6- "R E By 51 B T)-koesaih
Dye - 2,4,6-triphenyl-N-(2,6-diphénylphenolate)-pyrylium

Anal. Chem. 1963, 661, 1; ibid. 1971, 752, 64.
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® A1 REANBAERRYERYS
GRS Rk 2R 5 3B (30) R M WS 3513

12 b, & pezoeo | Er(30)»
w # np®®

‘ < \ ] ‘ (F25°C) Cm | kcal/mol
1. K 0.0 | 100.0 78.39 6.07 1.3330 63.1
2. PR 2,6 210.5 111.0(20°) | 11.24 1.4475 56.6
3. 1,2z —13 197.3 3.7 7.61 1.4318 56.3
4. FE —97.7 64.7 32.70 5.67 1.3284 55.5
5. N-BEEER -3.8 180~185 | 182.4 12.88 1.4319 54.1
6. “ZZH —6.6 244.8 31.69(20°) 7.71 1.4475 53.8
7. ZZZH —4.3 288.0 23.69(20%) | 9.97 \ 1.4561 | 8
8. >-FIREZE —86.1 124.6 16.93 6.81 | 1002 52.3
9. N-BEZRE 30.6 | 2087 190,302 | 165 | 14286028 ’ 52.0
10. Z8 —114.1 78.3 24.55 6.77 1.3614 51.9
1. 2-RHEZH 10.5 171.0 37.72 7.57 ‘ 1.4539 ‘ 51.8
12. 2R 16.7 17.9 | 6.15(20°) 5.60 | 13719 ‘ 51.2°
13. EFER | —15.3 | 206.5 \13.1(20') 5.54 1 1.5404 . 50.8

From [f2]C #i~4F BHMLFHENAFIAL, 4 Tk thhitt, b5
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3. Scales based on speetroscopic properties

B RE:

— (Y AEYERIT B (ransition energies, ‘R A B AIRBIAIL R EER)
, MRS, XFHRK KRB AL E B(solvatochromism), X
BHTESHALSHTEHNBEFITHREMSIEN. MREK
EBTEEARM, WHENTFESERERAHEEFHERNK, B
MHEERRIER, XHEERRRE0ERN, RENEREKRSE
€, RSHIMIBNLRE red-shif) IBR. MR, MEESHHRMEX
THEE, WUEENRRMEMNMK, ESRERE, EMUKT (5
ERMEEE) , XRRARKHRS HRERENEKFRAIER, blue-
shift).
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Excited states

Ground states

Ey
(non-polar)

Non-polar
solvent

Fig. 5.10
Schematic encrgy diagram
for excitation of a
sotvatochromic dye of the
type 9 in polar and
non-polar solvents.
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A

5.1 BXBANERHRS
i3 et B
5.2/ MBI ROER
FREERNEZER; 5 FEmNT; BT

53 BRSNS

5.4 % RT3 I R
Hughes-Ingold% 37l tLAL T
beailk Ak ks doeata-u) i

55 SEFTLEINEHSH
ETYEMR: BIREMTRLYE; TEEKs %
EFEFGEHRREL: Grunwald-Winstein75 12
HETFkiEEH%: E,G08%
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V5 B

1. FERAE K AIZE I BE T pKaZ 228 -5.7;
ApKa = pKa(H,0) - pKa(MeOH)
T8 B T PhNH, B XAMESUR-04, WX~ 25,
2. HammettF] —RFIIARIZE FERArCOOHTEK I FL S AT A dn v,
BT oHE, BANE X ArCOOHTE K H A1 B P4 i1 R BL % Hp

A1 FEZEEF, RIArCOOH K B P48 R B H BifEp A 1.96. W& T
AR
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3 §Ms of on rate of some cycloadditions (Chapter 14) are
_given bélow” C upon the probable nature of the transition states in
each'case, - U
(8) Disls-Alet:

o0 -

ki gas phase, 1; neat liquid, 0-8; benzene, 1-0; CCl,, I'1; nitrobenzene,
19; ethanol, 2:8. e .
(b) (2 + 2) cyeloaddition:

PB,C=C=0
l.l\

o=,

BuO
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Predict the effect on the rate accompanying a change to a more polar solvent
for the following teactions (N.B. the appropriate mechanism must be taken
into account in all cases):

(s) Et,S”Br~ — Et,S + EsBr.

(b) n-PryN + Mel = n-PryNMeI".

(€) Me;N + Me,S* ~ Me,N* + Me,S.

() OH" + Et,N* - H,0 + CH,==CH, + E{,N.

(¢) CH,=CH, + ArSCl — ArSCH,CH,CL

() Me;N + Et,N* — Me,NH"* + CH,=CH, + E;;N.
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\ ? The tautomefic cquilibriurti 6f sotrie B-dicarbonyl nds shown below; i
nmn;ly(‘l:ﬂa;led by solvent. Suggest factors ﬂm::lp:ﬂ ;‘::QMVI:

. trends. éichardy, “Solvent Effects in - 5

' Weinheim, 1979} Eftcts In Orgeric Chemistry, Veriag: Cramia.

Solvent:  CoH PaC1 MeCOMe PhCN  Me,CN
Kyt T o 3] 163

(©) (2 + 2) cycloaddition:

R

Solvent: CeH,, (C;H;),0 CHCl; CH,Cl; PhNO, MeNO;
31 250 1700 5000 18800

Ky out 1

[See Chapier 14.]
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