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® ¢ CHCl, CHCY : CHCL(1: 1) 2 CHCl &7l FollA X8 aniline[ aniline, N,N-dimethylaniline
(NN-DMA), 26-dimethylaniline(2,6-DMA) 2% 24.6-trimethylaniline(2.4,6-TMA) 13 iodine?}t2] charge
transfer complex #4300l et Ve o]8std S A2 Ak 27l dAHe= A=
outer charge transfer complex7} inner complex2 *H#=E FAel oM X aniline9 electron donor
9 polar medium 2. B4 e} ol thstod s Bt} EY W B2 7= medium$J dielectric environ-
ment2} X ¥ aniline?) pK,3koll &3 24,6 TMA, 2,6-DMA, aniline, NN-DMA2| &£42 ZF7}3lsict
Chloroform £+ Zoll4} 25M %¥52] X & anilineoll a4 & AH™3-& NN-DMA4, 347 keal/mol ; ani-
line, 4.25kcal/mol ; 26-DMA, 7.79 kcal/mol : 24,6-TMA, 7.96 kcal/mol : AS* ke RE anilines] slolAd
—41~ —55 cal/mol-K2) & &2 @& vteblglct

ABSTRACT. Formation of charge transfer complex between iodine and substituted aniline [aniline,
N,N-dimethylaniline(N,N-DMA), 2,6-dimethylaniline(2,6-DMA), 2.4.6-trimethylaniline(2.4,6-TMA) ] in
CHCl,, CH:Cl, : CHCY; (1: 1), and CH,Cl; have been studied Kinetically by using conductivity method.
In the transformation of initially formed outer charge transfer complex to inner complex, the effects
of substituted aniline as electron donor and polar medium on the reaction were investigated. The rate
of transformation depend on the dielectric contribution of medium and pK, value of substituted aniline.
The order of rate increasing is 2.4,6-TMA, 2,6-DMA, aniline, and NN-DMA. The activation enthalpy
AH" for 2.5 M-substituted aniline in CHCl; at 25T is respectively N.N-DMA, 347 kcal/mol: aniline, 4.25
keal/mol: 2,6-DMA, 7.79kcal/mol and 2,4,6-TMA, 7.96 keal/mol; and activation entropy AS” is large
and negative value of —41~ —55 cal/mol ‘K.
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AR ER EXE 2A%0) A g7 ol $ Aok
AAolt}y. E3) jodinesd} ¥7] P F7] electron do-
norZtell A== charge transfer complexel widt
APE 27)%E complex 79 F3Hq ¢
2}2]3) $t.2oq, electron donor-acceptor AbE 2hL-ol)
B o)2HAe F8% 9¥L Ak

Iodine®} X% aniline7}2] charge transfer com-
plex MAdd] disiAl+ aniline X 8M7 2= do-
nord QAR B o g d7s} jdi"=inl oo
ylekgk AdAolc), A, K. Chandra $°2 chloroform
Ao ZolA] 2 anilined} iodine ¥ iodine mono-
chloride2}2] charge transfer complex o) tj
WA FHRAQ) whgozs A7 Hal, B3] o
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3 B. Y. Lee 579 iodine®}t 2|3} aniline7+Y) char-
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717] % Alek 2o AR 717]EAE recor-

ding®} 7Fs-&} YSI model-32 conductance meter(U.
S.A)2} model BD-40, Recorder( Kipp & Zone, Hol-
land) 3 F222A Julabo(F-20, Germany) & o}
&3} 8ol 24 ©| 43} chloroform ¥ dichloro-
methaneS MerckAtel HPLCS Alekg A A 3)=]
®¥EZ a8 AL4-3ted.en, aniline, N,N-DMA(N,N-
dimethylaniline), 2,6-DMA(26-dimethylaniline) =
24,6-TMA(24,6-trimethylaniline) & Aldrich £3
AlFg 7 FF4 +, sodium hydroxide2 A=
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FRE=E Y Ad, dA 7] Fe4 de
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A% A% aniline?] chloroform 3 dichloro-
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methane £-<%o] ¥ AE==H2r} YehA] 9%
€ #$Y 5 dsich
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transfer complex)

[Caniline 1J*I-+1% = (aniline [J*I;" (2
fast

Ao A 2% aniline®) F%t& iodined] vl =}

Poz ooz old it Fab 13 HEEA

i g dA4,

a _ (Am _A{]) _
In P =In A —4) = Boys
In(lg—x) = —kqus t+ina 3)

o) 2|3t} Ak = Ak 2t 27 ARA
e A AEE T ¢ F goeng i
Guggenheim A%,

In(ln‘g_lr): _kobg ¢+ constant (4)
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Table 1 CHCly, CH,Cl; 3 CHCI, : CH.Clo(1 ¢
1) &¢4o] FolA aniline FEF 05MY 45
M= #23 * 772 aniline £943} 985X107?
M2 iodine -2¢42+2] charge transfer complex ¥
A Hbgel A HAHE ke g 10, 20, 30T LX)
3] vehR Aolck Ej ka3t X ERACE
Fig 43} 7o) plotdled F¥ activation parameters
AH* AS* % AG*'UE $U% Table o iehdl
2it}. Chloroform &9 Foll 4 wls] B, k32
aniline FE3719} t)ge] F7he A4S vehd
3 e, BE ojdld $UY AYS o F3
e}, ©)2i§t Asbe Aol P& anilined] Fx7}
7o} Lujjol) 7ihe 2FEQ L AW 9, ani-

Table 1. Psuedo first order rate constants and activation parameters for the transformation of the outer charge
transfer complexes of aniline with 9.85X107°M iodine at 20

Salvent Dielectric - an Fea X 10°(sec ™) AH* - AS* AG*
constant 10C 20C 30T (kcal/mol)  {can/mol-K} (kcal/mol)

CHCl 45 05 0.61 0.90 1.30 5.85 525 21.2
15 2.80 385 5.30 493 52.7 204

25 5.21 6950 9.10 4.25 539 200

35 7.60 10.0 13.0 4.06 53.8 19.8

45 104 134 1638 349 55.2 196

CHCL : CH: 6.6 0.5 0.69 0.98 1.37 5.24 544 21.2
CL{l1:1) 15 317 434 583 4.61 536 20.3
25 588 1.70 10.2 408 542 20.3

35 8.70 113 14.6 384 543 19.8

45 118 15.8 19.3 358 546 196

CH.Cl; 9.1 05 0.76 1.06 143 479 55.8 21.1
15 353 483 6.35 441 540 20.2

25 6.55 8.50 113 4.01 54.3 199

35 9.80 126 16.3 373 54.5 19.7

45 13.3 181 21.8 365 4.1 185

Vol. 35, No. 4, 1991



346 REH - 5RE - 2ER

line2] wr&¥ electron donor®.41e] =g Mnl o}
e} 27le wE HyAAe o8] YA outer

-8.0 }
N.N-DMA
= =110 }
-~ ANILINE
g 2,6-DMA
£
-13.0 p \\\
2.4.6—TMA
-15.0 }
a3 3.4 3.5
177 x 10°

Fig. 1. Temperature dependence for the transforma-
tion of the outer charge transfer complexes of 2.5 M-
anilines with 985X 1072 M iodine in chloroform.
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", medium®] polarity 7k o]2}&t activated co-
mplexE <HAH A7, activation barriers w3
8<te] € 4 Qleh E=I AS* & &9 e U
gl RS FAERY o|23r) PiER glee
2n|3h=H™ 9] activated complex?) #e)7}
ion-pair FZY-S A|AlEe ZAL2, aniline 35
el @& ASTghel Pak ol B YFH 2w
et o2 AL 7)eky fojo AR H
AHAl velded, 8 4ol fHASL Z7lo)
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Table 2. Psuedo first order rate constants and activation parameters for the transformation of the outer charge
transfer complexes of N,N-DMA with 9.85X 107 M iodine at 20C

Dielectric kons X 10°(sec™") AHY -AS” AG*
Solvent - Conc. (M) .

constant 10T 20 30 (kcal/mol)  {(can/mol*K) (kcal/mol)

CHCI, 45 0.5 9.80 14.1 19.1 509 496 196

15 13.7 182 243 4,28 518 195

25 15.5 19.0 250 347 54.5 184

35 16.3 20.0 26.0 343 545 194

45 16.7 20.1 26.6 3.36 54.7 194

CHCIl; : CH, 6.6 0.5 49.0 67.6 86.6 426 49.3 18.7

CL(l:1) 15 56.9 730 90.0 332 52.4 18.7

25 634 76.1 92,5 263 54.6 18.6

35 69.7 821 98.0 231 55.6 186

4.5 750 88.1 105 2.24 55.6 185

CH,Cl: 91 0.5 88.1 121 154 417 48.5 184

15 100 128 155 3.14 319 184

25 111 133 160 251 539 183

35 123 143 170 215 55.0 18.3

45 133 156 183 2.09 55.5 18.3
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Fig. 2. Dielectric contribution of solvents for the
transformation of the outer charge transfer complexes
of 25 M-aniline, NN-DMA with 9.85X 103 M iodine
at 20T.
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rgefel7l AlzatsE #4331 Al complexd <t
A7y o 232 & 5 Yok

Table 28 429 anilined FUZ 4oio} F=
ZAe o1z NN-DMA$} iodineZt®] charge
transfer complex Aol dish A4t AYALA,
koasZto) anilinedl] ®ls] 10Wzl 100 & & v
2 glen, 4% &efjdl A vjas] 2, NN-
DMA2 5237l WE kusate %7 anilinesd
A3 ek veh ARk 25 M o] 2] RF KA
ZF71Ee) A3 Fadhe o] WEdh ez
AH® R AS*3ke) sl ME anilined} A8 AdS
Belx qlAuE AH'Ee] B & dNelA o
A3 AST7E o} & g JEe2 Y AG
HubH ) F2E Rola glr). o2 g AAE Fi:)
2 o), NN-DMA~} anilineel] H|3jA uk-§ F3120]
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Table 3. Psuedo first order rate constants and activa-
tion parameters for the transformation of the outer
charge transfer complexes of 2,6-DMA with 9.85X
1072 M iodine in chloroform at 20T

Conc. aX10(sec™)  AH*  —AS*  AG*
M 10t 20¢ 30 (keal/mol) (cal/mol-K) (kcal/mol)

05 192 315 580 879 398 20.5
15 285 438 728 823 412 203
25 289 481 749 774 425 20.2
35 352 523 835 677 459 202
45 409 595 906 6.16 476 20.1

e} A & 7 vk o)A NN-DMA7} 7=
2 #4367 7 pKitllAs & vepdrh
Aniline 3 NN-DMA®] Fx 37} wt& F2HHQ
71z Ry WP ko o] S99 {4
A7E FATozAY] ssEkANE, £ d¥YelA
€ AN E oz Rstna Yok Fig 2e
SRR £34Q Y9z YEh= Kirk-
wood THA)%S plotdt 2o 24, 25M =2 ani-
line 3 NN-DMA<} 985X10*ME%x2 iodine
7+e] complex YAutgolA & SEAFE £
9 fAAgell & plotdt Zelch. KA4SF Z7te)
o S99 AN ZrE A anilined
403 7A%S HHoZ Moy 2 9ol E3)
N.N-DMA7} € 7]27]& 2 AL 2aRe) ¥
e oe7] RAFhell @B A} F42 QAZ T
Z712 B $ 3t} Table 3-& chloroform & 3
o4 26-DMA%} iodine7¥2] charge transfer com-
plex Aol iy AYAEA, F2F7ld o
kasit®] F7VARE 99 %9} FAbskARE 2
Z7HE52 b Ao} =3 Table 4 24,6-DMAS)
3t Aoy, Ax| b o] Hale} FARSA4L,
AH® & AG*= 713 @ & e

2% Table 55 272] 2§ anilined] o 34
vebd AZ52 chloroform £ Folj4] Ab3 7lel]
vlars) B7)§)s] SgHe el SRR A, by
2 NNN-DMA, aniline, 26-DMA, 246TMAS2]
M2 rastE, AH™ AGTHE FYUY AR
Z27hbe ALZ Bol, WHkH g FRHE 24,
6-TMAel4] NN-DMAZ o2 Z4E AYE &
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Ut} o) AL Fig 34l4 Ry ule} ol pK,o} Hb
25 AE Rex|¢ Bronsied rule’Ix 3 o
2 g}, ot 2,6-DMA7} 24,6-TMA Rl pK el
Agol= BTFEE, hgdtolt} activation parame-
tergte] wlellA, kg FAYe] ]l 2A jeht
=], o2 VAL 246 TMAL F2AQ HA
o2& Q¥ A& e FFHE F ok
w=i AS*ZE NN-DMA<} anilinee] 2,6-DMA%}

Table 4. Psuedo first order rate constants and activa-
tion parameters for the transformation of the outer
charge transfer complexes of 2,4,6-TMA with 9.85%
10~ M iodine in chloroform at 20T

Conc. KX 10%(sec™)
M)

AH" —-AS* AG*
10 20 30 keal/mol)(can/mol-K)(kcal/mol}

05 013 029 046 102 40.0 217
15 029 058 087 870 438 2156
25 034 063 092 796 46.1 215
35 037 068 099 782 466 214
45 038 070 102 769 46.8 214

#al - aRg - SR

-0}

-2.0p

I Kopg

~2.5}

-30F

A 1 i 1
2.5 4.0 4.5 5.0 8.5

pky
Fig. 3. Bronsted correlation for the transformation

of the outer charge transfer complexes of 2.5 M-anili-
nes with 9.85X107*M iodine in chloroform at 20%C.

Table 5. Psuedo first order rate constants and activation parameters for the transformation of the outer charge
transfer complexes of substituted aniline with 9.85X 10720 iodine in chloroform at 20C

Rope X 10%sec™1) AH* —AS* AG*
Solvent Pk, Conc. () 10C 20C 30T (kcal/mol)  (can/mol-K} (kcal/mol)

N,N-DMA 515 05 9.80 14.1 19.1 5.09 496 19.6
15 13.7 182 24.3 4.28 518 195

25 155 19.0 25.0 347 545 194

35 16.2 200 26.0 343 545 194

45 16.7 20.1 26.6 336 54.7 194

Aniline 4.60 05 0.61 0.90 1.30 5.85 525 212
15 280 385 5.30 493 52.7 204

25 5.21 6.90 9.10 4.25 539 20.0

35 7.60 10.0 130 4.06 53.8 198

45 104 134 168 347 55.2 19.6

2.6-DMA 395 05 192 315 5.80 8.79 398 205
15 2.58 4.38 7.28 8.23 412 20.3

25 2.89 4.81 7.49 779 425 20.2

35 352 5.23 835 6.74 459 202

45 4,09 1595 9.06 6.16 476 20.1

2,4,6-TMA 4.38 0.5 0.13 0.29 0.46 10.2 400 217
15 0.29 0.58 0.87 8.70 438 215

25 043 0.63 0.93 7.96 46.1 215

35 0.37 0.68 0.99 7.82 46.6 215

45 0.38 0.70 1.02 7.67 468 214
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24,6DMANC) cf4 2 g e 2oR Ro}
F2e] 347 F2RAQ L Yol ¢ UsE
G 4= ok 2} kA ool oAt
AARES) vms) F of, $28] AYPdA T W%
$+457) dide] a2 AFge) W5 3z, AS?
=2 &0 g vz g & 2 ek ol Y
g4k A K Colter 3] AAI v gzl W3
Z7MYAB 2 A charge transfer complexs 734
ANERZ 7H= "hgo] activated complex& A&
AS-2x} 83450} vlo|4H o2 waw ¥ ac-
tivation energy & vjehdvke d7¢AAetxe 4
Bkt

ol2{q AREE F4sl ¥ o), A2 anilined} io-
dine7}e] charge transfer complex 4§ Aol & o
g2 el dPNA 7|&8 IFAHEC] A HE com-
plexsl E&ie 9RF7AEA dAH2 4%
33329 outer charge transfer complex”} inner
complex® Wis g wg AR JHyshe Aol
e}3slele BoAn, o)} o83 charge transfer
complex7t AF HEuhdol m)xe el QY
< AR F gled, o9 Wy d+e ¥ B
AzA A% FPg fFelch
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