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] Fig. 1. Charge distribution in mono-

substituted benzene.
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Table 1M
Values: of dox.
dy=134A dcn=1.08 A
CH, CH,C1 CHC, CCly F a ~ Br
dox (R) 1.50 1.50 1.50 LW 134 1.69 1.88
1 COOH  COOCIl; COOC.ll;  NO, CN
dox (A) 2,05 1.54 154 - L34 1.46 1.54

\
1) Cf. the reference 5) in ihe text. The datum for C—F distance is due to H. Oosaka (Budl. Chem.

Soc. fapan, 1§, 31 (1940)).

6) < ELOREICHTIESEOBMRS ZICHL, oy i FFRMELRTIZHN 4 2@, T 2REIC
SECIEHE ) OISR IR RS S . 82T, - kfku=(20x/2)/ (an/6); km/knu={xmax/2) / (ant/6);
kpkn=(rax)/(au/8) :723. : ‘ :

7) X&k 5) BM.
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Table 2.
Nitration of toluene
secare=0.84 Hoba=0,52% )
273°K 303°K l Mean free energy and
ax/ay =27 ‘ax/ap=22 : atomic charge
‘ }
, Ey(C)en E(C)Enu 5)‘((:)!"
s ky/kn d L % ky/kn D D ]C(‘;n:';g:i
T ‘ o 1 f'(cal/m’cilyt o 7 (calfmol) ! (éalfmoly F o '
o : 57.2 16.3 —2071 | 573 37.8 —o1rR | —2125 | T(—0.0401)0
m ( 3.1 2.51 —497 4.2 277 —611 —554 —0,0128
P l 39.7 64.3 — 2247 38.5 0.8 —2354 —2301 —0.0532
1 —0.0128
X ! I 0.287

2) _See the reference 8) in the text.
8) Zvans. Farad. Soc., Appendix (1934).

4) The o}tho-charges with the brackets in the tables in this work are calculated from rates of nitration.

Table 3.
Nitration of ethyl benzoate®
oate=—200  pwe=—1920
291°K - [
ax/ap =0.00367
[]
- - % —" kyfkn _:‘—% - I A'9'{};fo§f}‘_'§"’<*
. ) _ {cal/mol) .
o 27,5 0.00303 3338 i (0.0772)
m 68.9 0.00759 2809 0.0649
P 3.6 - 0.000793 4109 1 0.0950
1 N i 0.0649
X r —0.6687
5) See the reference 9) in the text.
8) (a) Ingold, Lapworth, Rothstein & Ward, J. Chem. Soc., 1959 (1931); (b) Bird & Ingold, réid., 918
(1938). ‘ ‘ o
9) Ingold & Smith, /. Chem. Soc., 905 (1939). ;
10) 8) (b) 2. .
1) psr-BeE o Jilg (2 =) IR RS 3c L . ARLICNTHICEMB LIRS Y L L 01K

IKhir s i<cd 5.
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Table 4.
Nitration of chlorobenzene$
Heale=—1.86 Hota=—1.737 (gas)
210K 298°K , 308°K Mean free energy
ax/ay =0.0264% ax/ap=0.0322 ax/ay=0.0364 and atomic charge
R ; -
Ey'(c)iu Br(C)Su tv(c)in Ey(c)tn »
2% | kyjkn rD 2% | kyfkn D 2 | kyfkn 1 5o 4p] f(;llgl}.sez(.
_' | (caljmely | {calfmol) _ __+ (cal/mol) | (calfmol)
o|28.2]002s | 20m1 [sr0joosse | 2067 [321f00351 | 2on 2050 | (0.0474)
m | (0.2); 0.0001 4705 (0.2) 0.0001 5040 (0.2) 0.00021 5138 4961 0.115
pP|718 '0.118 1163 69.0 ;0.133 1189 67.910.148 1164 172, 00271
1 0115
N | 1 ‘  —0.566

6) See the reference 8b) in the text,

7) McAlpine and Smyth, J. Chem. Plys., 3, 55 (1933).
Table 5.
Nitration of bromobenzene}
) B T meatle=—202"" 7 pim=—1710 (gasy T - — .
! 273°K 295°K ! - 305°K | Mean free energy
l ax/ay=0.0246 axfap=0.0305 ax/ap=0.0321 and atomic charge
—_— ————— e , —_ T .
_G_y(C)En - ey{Cleu | ex{C)ens £ {Chn
% | kyfku | D % | kykn | D | % | koka TiD | TeD Shargex
I (cal/mol) | (cal/mol) ! ' (caljmol) | (calfmol)
o|30.0l0028s | 1915 |[41.4]00379 i 198 |42.4]00405 |~ 195t 1998 (0.0446)
m | (0.2)|0.000148;. .4761 0.210.000183; ..5072 - | (0.2} 0.000193 5211 __ab1b _ 0116
p | 61.0 {0.0900 1300 58.6 | 0.107 1317 57.6 10,110 1345 . 1321 0.0305
1 ' | 0.116
X B —~0.585
‘I'able 6.
“Nitration of jodobenzénel)
Heate=—1.43 Hobs=— 1.30%
| 291°K
; E - axfapy=0.18 - - - -
Cy(C)Cn H ’
% kx/kit 5 Alnnlngzlozl.:-.n‘:%c X
] (calfmol)
o 431 0.232 841 (0.0194) - |
m (0.2) 0.00108 3931 0.0909
P 36.9 0.613 283 0.00651
1 0.0909
X —0.382 [

1 (1943)
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No. { H R Mo R ERE~ORR. (B 1F) =
Table 7.
Nitration of fluiorobenzene.®
fealc=—1.54 Hobs= —1.57 (gas)?
201°K
axfan=0.15
ex(Clen - )
it | Moni e x|
\ {cal/mol) )

o ; 14.6 0.0653 1570 (0.036.‘3)
m (0.2) 0.00090 4036 0,0933.
p /5.4 0.768 152 0.00351
1 0.0933
X - N - - . —0517 -

LTI A= OBAEEE sone & s L1 XL —ﬂc*)‘zw:ﬁa& 6}7 BLIEERET~<2
Eon oty ¥ o m-A4Etilinas3ichoiciyd -+ 02% Lar s % Th%. N
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B AT Holleman (43 3C8k 8b) #M3 CH I - m—-E43%E Y 03 Lt cdH s

) o, m, p-BSEREAHEIRIEAROMETFREL Y O5HH
APERFHIRHEIC & b CHPR LTI W EAMIC B L TIX, KO EF T T SEHMi
BT REREACRO HiL s, EIRIEOFERIC X 2B, < o ¥ L 50 THOBH ML
1 oM 1 Rom REn 3. SIOEGEINT X 2 WBITHEE mue 3575 1 RERBIR SHEK
HORMRRIC RO UBTRE i 1ICFL W EIBET D, 81
e sta=—{B5XA5) (o) + (o) Je= . (5),
(5) B D st DRIIL D = 1% en(C) XFMT DT EHMHED. Kic () & ()R L b

. {. (O = ealC}en o 21 ‘
@) dFpm R = k1 e l
(6)

() dF =" {eolC)—em(Chen _ 1oy 2o
rl) lel

Y835, 6) Rick ) T Ao THEL b 20— {0) K 60— s:RBHN
%, WiC 6,(C) K 6(C) ARD B, ROTRBTIHEPLIELIG S, MLIEOBATHTE
—KIEBUT AT &,(C)=¢a(C) EBEL. (Bb) RUTFMWITHEN L vz L e,

12) (6) RIZHKIT 200 xm X 2p &9 dFput K AVl 2ORB B0 E B80S, BICHEROEE T 12
P S EEERS LS. KRRITAT, B3 2EBITRG 2 TS0 IS ITIT S 5 3 ik 1C
XV TEEIESMEANVEBALS S, ML AL, Ha ol AN s
V323 Apmt A APt R4 RRS, O WAE RINIL 2. (— I TTS N 1 A
HRTCHB.)-PEND B A, WMIZM Tt Folleman (Chem. Rez., 1, 187 (1924)), 0Bl LML
RIEGERBC.
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Table 8.

Nitration of nitrobenzene.8

YELZDE

% Vol.

Vol. XVI1

i

a11=—4.03 {gas, nitroethane) Leale= —4.45 Hons=—4.199) (gas)
249°K 207°K | Mean free cnergy and
] atomic charge
; {ex(C)—em(C)}en ‘ {er(C)— ¢m(C)}¢n B ,(C)-—em((‘)lzn ' Charge x
% " D D 100 es.n,
(cal/mol) ! {cal/mal) (ml/mol) i
o 6.4 1287 2 | 1443 | 1365 (0.196)
m 93.2 91.1 0.164
P 0.25 2514 | .7 2438 l 2476 T 0.221
1 i 0164
X ; ] —1.50

8) -llolleman and Buryn; Rec. traw. chim., 19; 76 (1900). -

Table 9,

Nitration of benzoic acid.®

17 No.

#aii = —1.59 (gas, propionic acid) fleate= —2.17 Hots=—1.781")
40K . 790K 203°K " Mean frec energy and
- _ - e atomic clmrge
) {ey(C) -;sﬂ,_(())}ﬁ f {_;_L((")-!m((')}fn . {EV(C)"'SH\(C)}EH {rv((‘)—e...(( Neu | | Charge x
Zo D rh Zer 3B D ‘ 10" e s,
(eal/mnl) (ealfmnl) i (cal/mol) (cal/mal)
o 144 R35H 18.8 784 20.3 | 738 ! 792 (0.0825)
m | 85.0 i 80,0 76.5 0.0638
p 0.6 2049 . 13 1852 R 2074 1992 0.110
1 | \ 0.0638
X ! l —-0.727

9) Molleman, Rec, frav. chim., 18, 2065 (1899).

10) Brooks and Hobbs, /. 4m. Chem. Soc., 62,

9351 (1940).

Table 10.

Nitration of methyl benzoated

pali=—1.65 (methyl valeratey®) peste=—2.03 Hobs=— 1.8
i g . Mean frec energy and
‘ 4I°K 303°K atomic charge
! ) ' {s,(C)—c..;(Q)_}_g.L . (!-"(9,_3'"(9}& [ey(C)-!m(C) ttn Charge x
L D S - D D 10¥es.u.
; ) (callmol) (cal/mol) (cal/mol)
o | 236 A5 e5.7 599 576 (0.0791)
m ! 74.4 ) 69.8 0.0655
P 20 1405 45 1227 1316 0.0957
1 : 0.0855
X : —0.671
11) Tlolleman, Direkte Einfilhrung von Substituenten in der Benzolkernen, p. 125 (1910).

1 (1943)
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No. 1 RSO RN~ (B 13) 23
Table 11.
Nitration of benzyl chloride.!®
#a11=—1.98 (1-chloro-2-methylpropane)® Hcale=—1.42 =—1.82%

l o S 298°k T )
l o ‘ {ex(C—en(O)en. Atomic charge x
! - D 10" es.u,
‘ A ; (calfmoal)

o ' 10.9 ! —1342 (0.0476)

m l 4.2 i 0.0786

P 54,9 o —1924 0.0242

1 | 0.0786

X ] | ~0.455

12) Holleman, Vermeulen and de Mooy, Rec. trav. ckim., 33, 1 (1914).

Tahle 12,

Nitration of benzal chloride.)®

Haii= —2.08 (1,1-dichloropropane)® Hcale=—1.90 Hotw= —2.05%
208°K
o {eO—enlOen. Atéiic cln:;rgbfk? e
a4 D 10 e.s.u.
(cal/mol)
o 233 —ao0 (0.0765)
m 338 : 0.0816
P 409 —549 0.0689
1 0.0816
X —0.619
Table 13.
Nitration of phenyl chloroform.}?)
#ali=—1.54 (methyl-chloroformp Heate= —1.5718) Hoba= —2.15%
| 208°K
! o {e(O—en(C))en Atomic charge x
- D 100 es.u.
{cal/mol)
o ! 6.8 1228 (0.0744)
‘m ! 64.5 0.0611
p ! a8.7 68.7 0.0627
1 0.0611
X i ) —0.512

18) This value is lower than the observed value, probably because. of the lack of a
satisfactory value for uau.
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Table 14.
Nitration of cyancbenzene.!)
air= —3.4 (ethylcyanide)® Heale=—3.03" Hoba=—34T%
260°K
. Les(©—en(C)ea (©)~ew(C)}ea Atomic charge x
7 D 10 e 50,
(cal/mol)
o : 17 ' —467 (0.124)
m 14 0.135
d 69 —1202 0,107
1 0.135
X —0.989

14) Baker, Con[;;ér and ‘Tngold, J- Clem. Sﬁt., :-iﬁﬁ ( 1923)

R~ L LD BT T 25 TH B, ML%4&nME&mm&®mmmwu
HITHEAIE TR WAL, R ZIGE L AMOMNEM LN, It
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3 WEEFLY K
T NZEWISOMEEED N L3 | oM 1R E vms. HoRMOM 1 EL b
(h+nx A5) er=24(N) (7

i BMHE R BT, = EHERTEE eX) L VR®DTE QWHTH D 40T (6) %
OF W ) nj“ 53 fii &H&-rﬁﬁaﬁﬁ»kb biLs. 2L UL IR R Tfﬂfﬁ}&lcr'cmb#é
NBTHE 5. OMNIXOMS THB. () WATHRIEOMSE MM | RITE~7 50
{ &(XN) 72 26 CH, R UHAAE TR L THAT2 L LTHHESE, Ao
HEELE X VBMARTH 5. (1) BGRESIC COOH, OH, NO, NH, CN %35 itk
TH 3L, RFICRY 2EWHI RIS I. ROT, IR 5 WUBT AT 3.
Win 2L, HOLHITHKD UBTRFEOHIUL»~ = ¥ » filfkdbic o @M 2. K
DEULR I ROWTH S, HNMZEMX VAT %, 2ttt 7 =
== IED ALY L THIHITKD, Pb 7 x =~ 2RI EIEONTH 21,
vymm%xoﬁfiﬁufa ZICKDUBTHERIT Az o OZTLICK 2 5L A%
LB, WICHEIML D 052 D Fik L 7o 2 BT i s X 2 - Bk,

13) S JFRITIKY'C, SBIS 6 B eanlC) BT dX) BRBBPE. WHAMLEE L D en(C) 213
Lh a3, (7) Ktk v e.(x)z RESK 3403, 30 B JPERIS TR 72 3B 40 [ HIMS L ki
RBForThH



MIBILZEDES Vol. 17 No. 1 (1943)

Noi 1 A7 MR SR ~ oo B8 i L HiD 2
Tablez 15,
Dipole moments from: structural charges.and. o, m, p-percentages.
Cetl; X e ...(C)); 10%esu. | e x)]O'“‘e.s’:u.lf) | (X)x 10 esa. 1 Heae (Hobs
CilLsF 0136 —0.0896 —0.730 . =211 —157
Cyt,Cl 0.115 —0.0879 —0.585 —2.31 —1,730
C,11;Br 0,102 —0.08%5 T —-0470 —213 —171P
Gl 0.0817 —0.0834 —0.324 | 16 —1.309
Cll,CHy —0,00546 —0.0404 0.221 | 0.64 0.52%
|

15) These values were obtained from the percentages in Tables £, 4, 5, 6 and 7.

B LD B HCIAT b, ~KTEBLE LT «0(C)=en(C) #EBE 2d17e. RITLMIE L VR

BIch AN VEREOBLMX {0 2T, BH1IX 60— (C 1IN “FA VYR ILYXS
LOThD. AIEDLRHES A S L+ 1 VARG 3RO ERICE 2 0L
T, R X o ERAT ~2(14+.45){ (C) —n(C)} — (1+.45) {2, (C) —=u(C)} i TH
~BLD. Wb BHIEE €(X) 1N, A VREOBHE LT &/(C) LI TRBTHER
X SR B MR R O WA & 2 0 525 gL

IV DEBFEEL Y BEHOK L), LIRNAFEFEORE

PO Y D S SR MIRIIRIL Ao BTRERE L b fiiibdnod 4 n v, 23 RASLE
WO RO TR IR S, ‘ )

FHIL CHX OMBITHER oo & (CH)CX OUBTRER st & DER sare OH O
M RT & AR L WETREL 7. B

Stare— pani=—3 (1 + 0.45) e, (dex + 1) (8)
AL R AU I3 L VFERICHEBARNTH S, GO XL B RITE VT ptarn B Han
kb CHX oififinikbbns. L, 2k D RHE LB EAEE RD BT (C)
=¢,(C) 7 2HEBE MO ZFUTHB R, 4 Y REOROEH ' (C) XOKENIcTR
~bh3.

- sl (C)=em(COV+0.6{p{C) =)} . ___ _ NN
BAEDO LRI TR ' (C), en(C) K& sp(C) ¥ B) KITRRATHTLEILKD, 2o 2w %o
FEROMS. W6~ RICHT, Cale | 2 2THCRIEDOFIIRIC & b T e pRAIR
LTI, ARatTic iiib\fcz» Haxo B pra @ﬁ‘fﬂ%i’i{i%f%Lf;. WOk L B3
BUL ftara— st 125 SHAVD R GCICTH B L DA, - Wi B IB B KA I L B
WL O-—Fix -1 & il B, K

14) Ri-& Lyring, Chem, Phys., 8, 433 (1940). ___
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Table 16.
Nitration-of chlorobenzene.8)
T © pan=—215 (téftiary chlofobatane)® ~~  Ziare= —L55M -
]
973° 208°
> Atomic charge x 10'? e.s.u. K K
’ (%) cale - (%) cale
, p - (22) obs (26) obs
Cale 1 Cale T 1 coer | calemm | 7 Gale 1 | Cale 11 :
o (0.0548) (0.0561) 314 8.0 28.2 33.6 10,3 . 3L0
m 0.0812 0.115 3.6 49 0.1
P 0.0372 0.0170 65.0 92, 71.8 61.5 89.6 69.0
1 0.0812 0.115
x ) i

16) In Tables 16~19, the paro values in solutions were used, when the uaii's were solution data, while

the garo’s in gaseous state were used when the pna's obtained from structural charges were used instead

of st .
Table 17.
Nitration of bromebenzene.®)
#an =—2.15 (tertiary bromubutane)? Haro= fl.533)
arge 298°K
| Atomic charge x 10" es.u. K
(92) cale - {23) calc
] (96) obs (26) obs

Cale 1 Cale 11 | g1 | Cale T Cale I | calc 1
o (0.0503) (0.0534) 31.8 13.0 39.0 33.9 15.7 41.4
m 0.0765 0.102 3.9 0.3 5.0 0.3
P 0.0328. 0.0210 64.3 86.7 61.0 ¢1.1 84.0 58.6
1 0.0765 0.102
% .

Tdble 18,
Nitration of iodobenzene.®)
pati =—2.13 (tertiary jodobutane)? Haro=—1.30%
273°K 208°K
Atomic charge x 10 e.s.u. -
(%5) cale (26) cale
. : - (2) obs y * (95) obs

Cile 1 Calell | g1 | calert | Cale I | Cale T
o (0.0393) (0.0267) 24.4 14.4 41.7 27.1 17.0 43.7
m 0.0723 0.0833 1.6 0.2 24 0.6
p 0.0168 0.0057 74.0 85.4 58.3 70.5 82 56.3
1 0.0723 0.0833
X

1 (1943)
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No. 1 £ RSO T~ 0B (5 1) &

Table:19.1D.

Nitration of -nitrobenzene ®

sai==—38.29 (nitro-n—butane) Haro=—3.81%
b 273°K 208°K
I Atomic charge x
o

l 10%es.0. (%) cale (25) obs (95) calc (25) obs
o L (0159) 1.0 6.4 127 7.9
m ’ 0.134 87.6 93.4 85.4 91.6°
P ‘ 0.176 15 0.2 1.9 0.5
1 0.134
X .

17) In this table, the uu; and paro values in solution were used, since the data in gaseous state give

paro— a1 =—0.16, which is in the experimental error.

H16~19RITHT Cale 11 LRROFFHIC X2 0 CH S, (1) Nic & ) TEREOH
RN X)) L VBRELOTEERN o RDBNB. 2% G) NITCAL T ain (tare T
OFBHNT X 28 LR T2 LA B, B) KERT S s ORDITHD e ¥
fAT2zLickh Cale 1 22 RO H R THLE RO o m, p, HHEHRRD LI
%. Jko Cale 1112 L 25000 & Eilfi e o =B 1 nzh L) X kv, JeomEd
WXL (3) DPRE)IC R~ 2N TH 5. b

SHEDONITHRITAT, ttiw—ttat K taro—tina £ VS RO INEREBD 7D, 2ORH
ORBT/IVE BB TR ERA B DOl I EOMRAE 2BEOFIR, LTO

AT H 2R RSN W T 2R AEELF~ LS,
V & A

(1) _LICHRTHIEM XNO, ILiEtEEEAMARITNT X- & NO& & ichml, %X
DEMICMM T30 : L, 2R HERMHEEICK S, DOTHS. Benford XK
Ingold®® % C;H, % Cell:X 9 CH,NO, #Hfeltic st 3 HNO; i & 2L % 8 18AYIcHF
KL, ZHBANECH 2 HLBOL. MLTZrRkOM{RALTES. WLREZKO
—BORMICHK) TS LOTH ), HEREXRETZ IO ) RECH2 L.

" CH,NO, - CH, : NO-OH (@)
CH, : NO*OH +HONO, — CH, : NQ-0+-NO,+H.0 (b}
CH; H N("O‘NOg +C3H§ - C‘(;H,I,‘NOg"‘CHg H NO’OI’I (C)
AT SCR L XM 3 2 el D 08 X P LRI 2 4535 2 19 TI% 5. AL X-NO, (1l

15) Benford & Ingold, /. Chem. Soe., 929 (1938).
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28 (Fg) 2 & #= - Vol. XV1I

Lottt X=CH, :NO-O—)OMjftiEzE X oBWFHIhoXx2AkTchs. I
+H Xell % 2MORIEX KT T2 X EEMLH X-NO, oftdsitkTHs. Moc SOH.
NO, ekt b 2 LCH ). CH,COONO, HO-NO, 052 IC O THERIL IR IC 4. 12
2. Zit X OLTBMENHATL 25 NO, SEBIC NO& (W iBmbTHS. Mimb
HEL D XNO, BIFHLLHAMICRTERICEELT, NOF OAHLIKICHAD bOL L
e, StoBLED FICiEE 2 WBTiERE O HEO i < BERi & X { BT BTHEILNTIE
Hiht4 A HECHHT LIBT3 —2o0REE L i35, HIEWEELAMO 0 ¥
LA 4 A v HETH 2 T & QBT EBMICHINIC 2N/ B TH 5.9

() - EARVLROFFITAT, HEEREIIOLRLE R KL NOt I LI GO &
IE3NDbOLE Lic. ZITAROMEEBRERCIE SOTHS. —HUC o, m, % p-LEHD
TR RGO AT BRI TH 5.9 110 CoHe & CoH,N ORARURILIC ATHIE R
oot ax/an HIRUNCEIETH 559 FHLD RERHEUIEOBRIT BB (i T5 &
FTREE GO L baHb L s kv, MicESofki-r-51 N0t 2o
o NI Lo OMOBOEERE D oKk 218, NO& & oglny it —KALEf
ic f,’-}”C.’EEﬂ.Lf'}Z)'!lH H~bND. T EOHBREZ 1D Higoicis F, —&
(LEAX D) ICIDHHC BT D RUEN LR T LOTH 5.

(3) WMEGEEL TR R AFE =K 7 ~ v v = X —~ LI RHELL Tl 27013 500 fn
$TH DS —RUC LSRR IR TRED = A X - ORI T 2R G 1L %0:20 £ 3 TR >,
CelleX & Celle..NOt L ORBEITA TR = 2 A F ~CHRT T W, W7~ v
¥~ ICXRB B KBNS, ) B B) REMEDEED FICHINI DTS, kiko
L D EINTIORERREDOME FHE BB, BB o, m, K p HiTEET L LD
LGoYHE NO&H LoFERNTH 3. R

@ B RITIE CILX 1ITHE enlQ) K200 —=n(C) OWiX EIBOHER L VEDHTRL
Fe. BUTHENTe B, AFOBRE I 2 BELRRIBE A OB ERKLEFTLOTH
D. BT CeHCH, 12 28 B3t R IZ St Ic < v ¥ v o i~E- BT 2
A%, CeHaNO,, CalL,COOH, CHLCOOC:H,, CII:COOCH, CH,CCl, iz i 2RI
RN ¥y BRI VETLNES. EHETOBROFI TN RIS T LR L#%
KOWEDOISEY LTS, v u ¥, CHCL CHCl, CH.CN, OH IR RS
AT LTI TH D, '

520 REGEFSIC 6,0 —2ulC) <0 2 BBAE, B HIMBNA TR DI, LR
LA V35 HEHECH D, (0 —2a0) >0 T 234 B HIVT LA F DIPFIL A S

16) Price, Chem. Rev,, 29, 37 (1941).
17) &Rk 4) p. 85—152 B
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Ne. 1 RO~ o BT 0
i Table 20
Substituent

Charge x i ‘ : :
10%es. Foo a Br 1 ‘coolt | coocit,

en(C) 0.0033(n)| 0115 (n)| 0116 (n)| 0.0909(n)| 0.0638(m) | 0.0655(m)
£(C)—m(C) —0.080 (n)| —0.088 (n)| —0.085 (n)| —0.084 (n)] 0.0460(n) | 0.0300 (n)

: Substituent
Charge x .
10%es.u. COOGH, | NO, ciiy CHLC cucl, | cg

1

en(C) | 0.0649(n) | 0.164 (m) | —0.0128(n)| 0.0786(m) | 0.0816(m)| 0.0611(m)

efC)—em(C) 0.0391(n) | 0.057 (n) | —0.0434(n) | —0.041 (n)| =0.013 (n)| 0.0016(n)

18) IHere n and m represent the values obtained from the rates of nitralion and dipole moments,
respectively.

HAETH B, 2L DB T BERIET o K p HROETHEY m $EHEDZITHL,
kwfa%wfﬁb,&ﬁm%f%ﬁ&%@ﬁﬂmﬁMfa50f@o$mﬁ7 LR
O TR G ORIE 12 L. ML ADAGRIE W*oﬂm@m<muwxmmuar.‘
WS E L e h Fic HEMEHEA~DHDOTH B

5) ﬁ-’}'—l’qtf-’fﬁﬁciﬁﬁﬂ’aﬁn ‘ ..
HALRAAS BT ROWMAMHIC L DT & liiﬁit&i%it by 0) 'Cﬂﬁzx\én'c & D, E Ak ]
s LS CHX MOBEMF i x Bttt L T 2. RALitofhy, « BT 0
BHPR BB ANTIE RV, BOTHRARIHRICHEL TRAVRTSS. A~
Wheland % -Pauling™? [RiSSHAUTIKD 7 HET-OMR L HEA~D M 5 L ¥ RT-718841C
BELTHS. oI, BERIMCH) T, BEEE (L om & p) |icESE
2D n T OLH o EAOWTHS.
o . (430, 340‘,,)

108 (176, —44d,)

~1 y
Pin =_1"0—8— (al —2860)

. "l . '
Py =108 (118,-24,)

18) (a) Hliickel, Z. physik. Chem., B 35, 163 (1937): (b) Wheland & Pauling, S Am. Chem. Soc., 8§17,
2086 (1935); (c) Sherman & Ketalaar, Physica, 6, 572 (1939); (d) kc(nl'mr, Ree. trav. chim., 58,
266, 311 (1939).
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30 Co(eER) F % 3 - Vol. XVI1

FITHT & I RIS Bacnd. di=da/8 Cd 3. LL dq IR LB, KT
KRB B S —u s = i ¥ oRTs s, o
EEIZ o BFOBEYEIHT 1 L 0K FoicB3 RN 045 2 3MFIC L b T3l
TIEBWEBDTIES. Wi 6,=0456, 7 ZBM L LR ICRATHIX
Pe=—0.0259 3,

ErB. m B pKTCHRES 6n & 6 PEALTHFEH LR 3 FlititrstifgcT,
SrenanThav. AL o ETOBEHRRME 0L R BHTFIC X ) TRLTIHES
AE, m & p BFITRT 6 & 6 YER TS 2RFINEW, BiCARETICRT SR
CHERB L5 LT2HETCRTEIMES T LTSS, KL b Wheland X Pauling 0153k
Y RACIFO, 0,=0.450,, 0n=045%, 6,=0453, BORRE NV 3% b, FEXOMZIC
B2, BREOEHIEFL (RT3 Lo ) MRahns.

Vi@ =

(1 A%mmf«an%:gimﬁtme -ﬁm«/k/DMﬂ*EIO%nﬁwﬁ
T- M OERSM K AT HEE X 33 L 7. mLL&#ﬁﬁwﬁ&%< o

) %§Ek“%&ﬁ%ﬁ&“%@ﬂ&%ﬁ¥o&xmehooAmrﬁﬁﬁtﬂﬁT
ZWHABETDS. MLTZ ML +AR 5 —Bx 7T,

(3) LLoOEEY VAEIORKE E TROBERELWEHRLINS. @) MHitRE
4 * vREECH DT, FLE X-NO, ILiFHALIRIEBICA T X~ & NO# KiBEL, ®&HK
RicHlH2 b DCH 5. ﬂ»ﬁM&%&N&+&oﬁ@¢mm&u.mmrﬁomﬁwﬁm
A E-RltoFEIEHO =L ¥ - L3RS T 3. '

@)~y ¥y ORBIEO SN 83 A ORINTE RARIKE R~ Te.

(5) HIERFOMIKC X b T HTHOBHIMids O TEMICHIL SN L BELNS.
Wi OSEBEMA L HRICUBTIEEOF Y RA~BITHL, MLEEL ) T TR
ORI AT RERATRD L 2R HTS.

ﬁm%u%#mm%m,memxgmmfqugﬁ§oﬁﬂm&a@$§0$maa
N2bDOTHS. KiCRHRTEL BT Ltc, BEOEIFHICHLEHENTF S
L BEHREER IR T 5. " -

WM Rk oo ‘ ‘ )
e B ¥ % & GRBAITHL H 21 1S
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THE EFFECT OF ‘ORGANIC SUBSTITUENTS
ON REACTIVITY.
Il. The Orientation Effect in Mono-Substituted Benzenes.

By Taiker R

(Abstract)

" {1} Using the results obtained in the preceeding’ paper, the author calculates the charge
distributions in the molecules of mono-substituted benzenes, and the dipole moments of the
latter from. reaction rate data-alone. These coincide very well with-the-observed: moments.

(2) From the dipole moments of aromatic -and .aliphatic compounds, the ortho-,. meta-
and para-percentages during. nitration are calculated, These also accord s;atiéfactorily with the
experimental values.

(3) It is concluded that these two facts give a quantltauve basns to the usual exp]ananon

about the orxentmv power -of substituents of benzene. : s

- (4) "The nitration' of benzene is an fonic reaction : The nitrating agent X<NO, dis-
sociates into' X~ and NOQg* in the activated complex; and the latter_ ion intcracts. with the
reacting carbon. The activation free energy is reduced by the amount o the electrostaﬁc
interaction, i.e., 4.80-10-'° =./(rD). Here ¢y is the charge on the reactmg carbon, 1, the
(hstance between NO,+ and the relctmg carbon’ in the activated comple\ D the dlelectnc
constant of the medium between NO.* and’ the 1e'1ctm«r carbon. '

(5) "The author finds that r=1.6'A and D=1 approumateh, independent - of thé: nature
of the reacting media. ) P

{6) The theory of Wheland and Pauling on the orienting power of substituents of benzene

is discussed. FEESERE

. Institute for Chemieal Research,
Kyoto Tmperial University. : (Vow. 21, 1943)





