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’ Fig. 1. Charge distribution in mono-

substituted henzene.
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Table 1.9
Values of dex.
dy=134 A dep=1.08 A
CIl, CH,C] CHCl, cCl, F Cl ~ Br
dex (A) 1.50 1.50 1.50 150 1.34 1.69 1.88
1 COOH  COOCIl; COOGI;  NO, CN
dex (A) 2.05 1.54 154 - Lot 1.46 1.54

|
1) Cf. the reference 5) in ihe text. The datum for C—F distance is due to IL. Oosnka (Bull. Chem,
Soc. fupan, 18, 31 (1940)).
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7) ek 5) BM.
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HOBRRIE o R EE~oBR. (BIH) 1
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HRPUCHT (X)) BHOBITOEN L L.
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~T 42 Ingold RICDARMFIRD " "D~ v v R—EHIR~ v ¥ » OBFNMTLIcEK
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Table 2,

Niltration of toluene®!

peale= (.84 Hoba=0.59
273K “ 303°K I' Nean free energy 2nd
axfay =27 . axfag=22 alomic charge
2 ; _ t -
£5(Cleu e(Chen 1+ 2x(Clen
5 kyfkn b % ko/kns D r Rl
- T ’ ,"(cnlhn}jlﬂ - T} (ealmol) ! (al/mol) )" T
o | 7.2 46.3 —2071 57.3 7.8 —a178 —2125 | (—0.0491)%
m i 3.1 2.51 —487 4.2 2.77 —611 —b64 —0.0128
P 39.7 1648 — 2247 34.5 /0.8 —2354 —2301 —0.0532
1 . —0.0128
X ! | 0.287
2) See the reference #) in the text. ’ _
8) Trans. Farad. Sec, Appendix (1934).
4) The nﬁho-charges with the brackets in the tahles in this work are calcunlated from rates of nitration.
‘Table 3.
Nitration of ethyl benzoate’
m¢=—f.00 Sons=—1,92%
291K - . [
ax/ay = 0.00367 p
T | 7
' £{(Cen -
K e e | . L s e
. z ) : _ | (calfmal)
o 7.5 0.00303 3338 I (00772)
m 68.0 0.00759 2809 0.0649
P 3.8 - 0.000793 4109 1 0.0450
1 _ . ) 0,004
X l —-0.607
53} Sec the reference ¥) in the text.
8) (a) Ingold, Lapworth, Ruthstein & Ward, /. Clhem. Soc, 1059 (1931): (L) Bird & Inguld, /id, 918
(1938). : % 2
9) Ingold & Smith, /. Cherr. Sec., 905 (1939).
10) 8) (b) 2. .
1) epaT-aEge i (2 =) I BP0 L. AR RTHICEMS LTIy Lot

Kt sECE S . : o : s
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Table 4.
Nitratien of chlorobenzene,%
tesic=—1.86 sora=—1.739 (gas)
[ - UT0°K SUBSK | S08°K Mean free energy
! axfa = 0,020 ax/ap=0.0808 ax/ap=0.064 and atomic charge
- e o i 1 i
!’_(C)srl CC(C}SI: | Cv(cﬂ' Ey{cjln »
| % bt | B Wk | D % | kka | T | | TR
. (caljmol) | (alfmol) { 1 . (calimol) | (cal/mol)
° :zs."lowms | osom |sro L" :00 l 206i |sz21|eosst | zom | 2o l (0.0474)
m | (0.2)0.000164 4705 (0.2) 0 000 85040 (0“) 0.00021 D138 4061 0.115
p\'ﬂ.ﬁ 0118 1163 |69.0]0.133 1180 |67.9[0148 1164 172, 002
1 0.114
\} _ j " —0.566
) See the reference 8h) in the text.
7) McAlpine and Swyih, J. Chem. Phys., 3, 55 (1935).
T'able 5.
Nitration of bromobenzene
" poale=—2.02 dotn=—1T17"(gas) - =
! TR 08K [ T | Mean free energy
\ axfay = 0,0246 axfay=0.005 a_\'[aﬁ_: 0.t and atomic charge
_Cy(c.}!n ; ty(c:‘!u i i E_\‘(C)lu SQ(C)tu
' % | kyfkn D % | kyfkn | T D 1 % | kykn ; D %"35:.:.
, i (cal/mol) | (cal/mol) ' (caljmol} | (calfmol)
o | 39.0|0.0288 1915 | 41.4 (0.0379 Co19ms |4m.4]00405 | 7 19se 9 (0.0446)
m | (0.2){0.000148]. 4761 0.2 | 0.0001, 6072 | (0.2) 0000198 Uil | _&015 0.116
p | 61,0 (0.0900 1300 b8.6 0.10? 1317 57.6 10,110 1345 . 1331 0.0305
1 : | 0.116
X ‘ —0.585
Table 6.
“Nitration of iodobenzenel
Heate=—1.4% Iobs=— 1.30%
| 201°K
¥ uyxfayy=0.18 _ 2 o
ex(Clen .
% oo | IR | A o
. __ (ealfmol) |
o 431 0.232 s41 (0.0194) - i
m (0.2) 0.00108 3931 0.0009
P 069 0.613 2R84 000651
1 0.0009
X i —0.382

1 (1943)
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No. L AR IREE~oER (818 2
Table 7.
Nitration of Ararobenzene™
feale=—1.54 fore=—15T (gas)?
201°K
axfon=0.156
_ w06 | s o |
p kyfkn D P ltese
| ] {cal/mol) | )
o i 14.4 0.0603 1570 (0.030-‘]?
m (02 0,00090 4036 0.0933_
p 85,4 0.708 152 000331
1 0.0033
X ] = = - =0517 =

0TI A=vDIBEXEE far & tan SR X —HT2HNDD. BLECHEET<2
Zovn Fofb~v ¥ m-TERilEsEE 3 chaiciysh 3+ 02% t-ﬂ'%ﬁ-f—?{%. X
TR A 2 AT £02% L 2N THDHGIOMmA L L O Wo7eD TS 5.
5T AT Holleman (43O 3k 8L B 13 CHJI - m-T508 5 03 L THS.

2) o, m, pEIEREHEREARORETFEEL Y O H

AASHEFHRTIEIC K b CHFR ST (EA¥Ic 8 L CTIL, Ko in¥ ki T {EHa
BAMECIEEARD HILD.  @HREOTSHENC X 5~k v ¥ LT OB
R0 1 R R LD, SHOBMLIIT X 2 BETAEF i HI5 L BIRDHES LK
e DOHIHIRAL A0 ST s 1S5 LW & BT 2. 008

e tta=—{ (645X 45 (yHdon) +AB b =g ()
(5) IR e OBAL D & WY enlC) ZHHT T EHMHD. KiC ) B (DR L b
) A=A =0l oy, %11'_ l
@6y

“)‘ JJFomI _j_!ll_g-") - (C}'}En = — krll lﬂ —xn
rl) Am

B2, 6) XicX )<yt motiaE L b 50 -l % 60 -0 s0RBBN
. WIT 6u(C) K &(C) ARDEN, EOTHMTREFRLITLES, MLItOBAITHTL
—KUEPUT T 2 (C)=eo(C) EIREL. (6b) SUUXHMWIMEN LA WYUT L e,

12) (8) RISV C 200 xm K zp 2V dl"pml M dl"uﬁix ARHD L3 A0S, BEEREROMEE T 1S
B AEFESRS L. RBRITRT, B 2iBH RN 2 WA CIHBBITE RS & fiikic
TXUCHEAESERE MO EEA LS 2. ML 2z, B ool RNILICIAT 2 TR L
V1§73 AFpmt A MVl CEAIH RS, TROEEE £ (—RISTE NI A
Heha. ) RIENS 38 E, Eo¥MiZ@ Tt Holleman (Chem. Rev., 1, 187 (1924)), o Bt
EaREREC,




MEILZDES Vol 17 No.
2 (Eg) ZFE ® Vol. XVH
Table 8.
Nitrafion of nitrobenzene®
aii=—4.03 (gas, nitroethane) Zeale=—4.45 Hotiy=—4.197) (gas)
243°K 303°K Mean free cnergy and
e - — oz atomic charge
{e(C)—ea(O)}en {eAC)—en(Chen | [eC)—em(CNen ' oy
er o ge X
b2 D Zo | D D 100 e s,
(cal/mnl) . {cal/mal) (calfmol) i
] 6.4 1287 8.2 ] 1443 ‘ 1365 (0.196)
m 3.2 1.1 0.164
P 0.25 o514 | or 2418 | 2475 | p.a1
1 i ! 0.164
X : ' _1.50
| | 1
8) tlolleman and Buryn; Kec: frw. chim., 19;-78 (1900). -
Table 9.
Nitration nf benzoic acid®
il = —1.59 (gas, propionic acid)} pieate=—2.17 Hohs= — 1781}
UK s STIOK UK } Mean (rec cnergy and
: i atomic charge )
1{!}{(‘ —'Em(b} n | lL,v_(r) !mlm}fn ;{F__\({_CJ“‘II‘{CJIE_;{ {Eic);élll((~,1ﬂi! Charge %
i rh T | 10
| 100 e.5.u,
(mi[mnl) i {cnl}mnl\ : (cal/mol) (calfmnl) |
o |14.4 855 |1sa‘ 784 203 798 ' 799 [ (0.0825)
m | 85.0 IROO 765, | 0.0638
p| 08 o049 1R52 P onel 2074 1992 0.110
1 | 0.0638
X , ‘ i —0.727
9) Iolleman, Ree, fraz. chim., 18, 265 (1899).
10) Brooks and IEobbs, J. Aw. Chem. Soc., 62, 9371 (1940).
Table 10.
Nitration of meth¥l benzoate.!?
pati=—1.85 (nethyl valeratel®) Acate=—2.03 Hova=— 1.BEM
o4 . Mean free energy and
MK ) i H03°K atonic charge
! ) f [s,((j)'—tm((_;!hn“ i ity(c _F_—Gm(c)__}t_n {';(C)_‘m(c) l‘l‘l Chﬂl’gﬂ X
i 2 i hetd D D 10" s,
; i (cal/mol) (cal/mol) (calfmol)
o | 23,6 ]' ABY 5.7 59y 576 (0.0791)
m . 744 | 69.8 0.0855
p 20 | 1406 45 1287 13168 0.0957
1 , ; 0.0855
X : I —0.671
11) 1lsllesnan, Dirckte Einfilhrung von Substituenlen in der Benzolkernen, p. 125 (1910).
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Table 11,
Nitration of benzyl chlpride.!®
#ayt=—1.98 (I-chloro-2-methylpropane)® Hemle=—1.42 Hoba=—1,829
j . 208°K. T
‘ - i {ex(O—en(Cen Atomic charge x
. - ! rD 1010 e,
: i (cal{mal)
o ' 40.9 ’ —1m2 (0.0475)
m l 42 | 0.0785
P 549 | —1024 0.0242
1 ‘ | 00783
X ] l : ~0.455
12) Holleman, Vermeulen and de Mooy, Rec. ¢rmv, chim., 53, 1 (1914).
Table 12,
Nitration of benral chloride.!®
Haii=—2.00 (1,1-dichloropropane )t Heale=—1.90 Hoha=—2.05%
; 208°K
! - {eC)—em(C)}en. Ataimie ch:‘rgé'“x_f"
‘ D 10%e5.u,
(ealfmnl)
o [ 233 ~230 (0.0765)
m ! 33.8 0.0816
[ ‘ 429 —540 0.0689
1 0.0816
X l —0.619
Table 13,

Nitration of phenyl chloroform.12)

#ati=—1.5 (methyl—chloroformf)

tente= —1.5718)

Hota==—2.15"

i 208°K
? al {e5O)—endCi}ea Atomic chargex
i - D 100 es,u,
! ical/mol)

0 I 6.8 1az8 (0.0744)

m ' 64.5 0.0811

p ! 28.7 68.7 0.0627

1 0,0611

X —0.512

satisfactory value for pa.-

18) This value is Jower than the observed value, probably because of the lack of a

17 No.
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Table 14.
Nitration of cyanobenzene.!
I paps== —34 (ethylcyanide}® Heale=—0.03" Hoba=—3.4TH
260°K
o e(C)—n(C) }ea Atomic charge X
- i 1M,
(calfmol)
o 7 ' —467 (0.124)
m 14 0.1:15
I it —1202 0107
1 0.115
X o —0.880

14) Baker, C‘mbér nndllngnld, S Chem, Soc,, :4'26 (Iéﬂé}.

ot A1 F - D I T DA TD . (L 4 BRI R I A Lo IR o}
RTReSTE S Cl R wllaiiE, Ma<{2ic immmmu,r_m: Hnfe. o
BT lUomie-& Hoe EITIE—BETT. ) B

) WEEFHLY 0K
T AR BRI OHEEER N £ [ OB 1 KL vmB, LORMOE 1KLY

(B+5% 45) er=2,(X) @)

7o 2R L B AT, o R HEETH w0 L VRDBC L QIMETH DY HOT 6) %
(DX X Ao i M B J‘ﬁﬁiﬁ J:bron% R LIt EH T s T{EHHJ.EiCﬁ*-cm»#a
NBTHB 5. LOMHITAOM Th S, ) WATHSOMIERIL | Tcd~re 2
{ w(N) 7z BTEMA CHy WL UM AL SHTICORK LT T2 2 LTI 5, T
ML L VR CH S, (i) BGEHIETHc COOH. OH, NOy NH, ON 2d 58t
f&%ﬁ,ﬁ%mﬂﬁﬁﬁﬁﬁﬁﬁrbgy:ﬂot RIS RERL G R S o
W2 RNoLS, oK K2 AR TREREOIEEL -~ - /ﬁiﬁmcumwlﬂm 1K
DENRE RO TH D, WHMEEBL VFkTH 5. ZRItoiTicirc 7 =
=~ A SO FUEIEY S L TH IS, Wb v == — Al AR NTH BE,
¥R X DT RACT S, ZICIRDIBLTERIE b 4= 2 OZ IO 4L R
LB, EHM L L 052D ikl 2 Bl ¥ & k& - - Fekax T,

1% B FREKY T, S 0 WY alC) TOAE X)) BRBB2. WLELEELY w(C) 25
LiLBdE, (7) RITE D C e X)RMMINLD, MDD HEIITRM - SRR ek ss [ 448 1 ke
‘Yo THS. .
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Tablet 15,
Lipole moments from structural charges .and 0, m, p—percentages.
GIX ‘ ‘?lli(r‘j_?; l.u.utgi‘_‘_"; £r x!{)m C.sl.l.h"'?) ! !( -\_) ¥'10|° €S Hemie Huus
CIL,F 0136 —0.0896 —0.730 ;=21 ~1.5T)
GLCl 0.115 —0.0579 —0.565 —2.H1 —=1.750
C,1E.Br 0102 —0.08%5 o —0470 —213 —=17ID
Gl I 0.0R17 | —0.08:34 —0.924 —-1.65  —1.209
ClLCly —0.00346 i —0.0404 0,221 | 0.64 0.52%
|

15) These values were obtained from the percenlages in Tables 2, 4, 5, 6 and 7.

Yoo BT, KIERPL LT «fC=2(C) 22 fse. MiLHE L IR
BicnAda YREDORMNY (0 LT, A5 (O—=/(C 2HFM " AAVER"ILLSD
LOCHD. ATEDLMA S SAHE L+ L VLRI A 2RMAHOERC LD b L
FALE, HEIE X o SR —2(14 45) {g, (C) —en{C}} — (14+.45) {5, (C) —=.(C)} iz THL
BB, WimBHlick N) i~ A VEREOBHE LT &/(C) &I TRBT R
I MU SO LR LT WY

IV REFHEE LY B I L), ASRAFESEOME.

LU X 0 5 05 MR IE e SUBTREZE L » fiflednar 4 a7, ¥ RAZLE
o s RO D AR LD, : .

F KL CHX O MPTHER pora & (CH)CX ORBTHER s & DER sare OHOF
MR L DMCE LW EBE L. WD

paro—ptas = —8 (1 4+ 0.45) e ftlox+ ) @
L ) REITHEE S WL VRN EARCHD. B) BB NICX DT taea K san
IV CHN oAk b, BiL, 2L 0 BHEERMO T AFEERD BICIE (0
=,(C) 7 DAEPEMO2AUTHSR I . A Y SO OB /(O (ko KA IcTR
~bih3.,

- s (U= el QY+ 062, (C) =2a(C)} - RC/
BAEO LT TR S ' (C), tall) & !;.{é) ¥ (6) RICRATHCTLILIKD, Yoo A 20
HEROMND. W I6~18 RKICKHT, Cale 1 2 2THCEMOFTIEC L 0 TR DR AT S
T, MRS faro % s OB P TRL Fe.  SE0RTko [k 53
L fare— st T2 D SRR R GHTD z_,gj: DA D, - Wi .,sm% B A AL BRI BTAT & ¥
AT & O —FiT -1 A & AR R B o

14) Ri & Vyrsing, Chem, Flys., 8, 433 (1940).

1 (1943)



MEEZOES Vol. 17 No.
2% (Ei3E) 2 & & Vol. XVI
Table 16.
Nitration .of chlorobenzene)
— " pai=—115 (tettiary chlefobatang)® ~ ~ Ziare= — 155 ™ -
]
{,—l‘;u 2 1]
* + Atomic charge x 10'" e.s.u. NER WK
----- (%) calc ; (25) cale
; ¥ (25) obs (25) obs
. Cale ¥ Gle Tl | oo 1 | calenn Cale 1 | Cale I '
i
o I (0.0548) | (0.0561) 31.4 8.0 28.2 33.6 103 | 310
m 0.0812 0.115 3.6 4.9 0.1
p ] 0.0872 0.0170 65.0 as.0 v18 615 0.6 £9.0
1 | 0.0812 0.115 '
X | ;

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

the pary's in gaseous state were vsed when the gyw's obfained from struclural charges were used instead

of i .
Table 17.
Nitration of bromobenzene.
al = —2.15 (tertiary broninbutane}? parg= —1.50%
- - - - -
a73° S08"K
Atomic charpe X 10" es.u, i i
(22) eale = (25) eale
—i———— | (28) vbs | {25) obs
Cale 1 Cale T | ¢qie1 | cate M { Calel | Cale 1l
o (0.0503) (0.05:34) 218 13.0 29.0 aze 15.7 41.4
m 00765 0.102 3.9 0.3 h.0 0.3
p 0.0328. 0.0210 G4.3 86.7 6G1.0 c1.1 84.0 58.6
1 0.0765 0.102
Table 18.
Nitration of iodobenzene.)
ati =—2.13 (tertiary jodobutane}® Hare=—1.30%
273°K 298 K
Atamic charge x 10" es.u.
(25) cale (28) cale
. ; - (2%) obs - (96) uhs
Cale: ¥ Cale Tl | et | cale m Cale I | Cale I
[} (0.0393) (_0.0337) 24.4 14.4 41,7 a7 17.0 43.7
m 0.0723 0.0833 1.6 0.2 24 0.6
p 0.0168 0.0057 74.0 B5.4 53.3 70.5 82.4 56.3
1 0.0721 0.0833 !
i |

1 (1943)
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Table:19.7.
Nitration of .nitrobenzene.®

= —3.29 (nitra-n—butane)®

ﬂl_fu= — 3-81’“

17 No. 1 (1943)

[ f 273K 208°K

[Alumic chargex |

l 100 e.s.u. ! (%) calc 7(%) abs (25) calc (52) obs
o " ocoasey | 1.0 6.4 127 7.9
@ oxm | 87 9.4 85.4 018
p ‘ ovic 1.5 0.2 19 05
1 0.1:34 |
X |

17) In this table, the pui and paro values in solutinn were used, since the data in gaseous state give
ars—pali =—0.16, which is in the experimental error.

#16~19FKICHT Cale TT 2 RADHFHIC L2 b0 Cd 2. (1) Ric & b THEBEDH
ST (X)) X DBESEKE EOBEEMN ¢ ARkDBNS. 2% ) XIICAL T ang (fare 1h
OFEJARIC L WD) AR T T EnlHD. B) Ricsttt 3 pan ORDITHED e X
ATz LIcE ) Cale 1 &3 Ao B TRILERSHD o m, p HHERHB LN
%. Jko> Calc 11 1€ & 2 iFSE L BOUE 0 —FadsB 1 ik Zh L b X C v, JEoRii
WITF (VT (3) BRI 0 R~Fe DI ©B 5. Pk

FHEED U AT, faea—at K face— ptina & VD RO I EPED 120, 2SO
ORHTAE2PGICHcHEXr RS2 k0. IEom2fidk 2BEOTIE, LT
PATi e RS I U T2 AL EIMLE~L 5,

vV & |
(1) IR THIEN XoNO: RISTEHERAMERICNT X- & NO.* &AL, &E
BREICHMTS 0L L, ZRADMEZHERIEKIIAT( 3OTHS. Benford %
Ingold™ {3 CiHe % CollsX o CHNO, i#H0lc it 2 HNO; ic & 5FE & B 718ayic
KL, ZHRKKETHHEEROL. ML TZEXOM{ R LCE 5. MEKEILAD
~BIORBICK ) TRS bOTH ). KEEErSLETS b0 () RETa3L.

1h)

CH,NO, -» CH. : NO-OH (a)
ClL : NO+*OH+HONO. —CH. : NQ+Q+NO, + 11,0 (b}
CH; : NO=0-NO, +CHg — CH,sNO,+CH, : NO-OH  (¢)

PEAEIE LA L JEMEIT B D el D B4 & BT2E L RN 2 4

Benford & Ingold, f. Chens, Soc, 929 (1938).

Sk AT

)

S, Wik X-NO, (B

g
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28 (Iig) = - W - Vol. XVl

LB ATIZ X=CH, :NO-O-) OHjtiEEIL X oWTFRUNONE 2TATHD. U
H X1l iz oREmRRIEE Kic+ 5 X (F ERLR XNO. oftsii ATh s, Wi SOH-
NO, #tht i 2 iticd . CHCOONO,, HO-NO, 127 2 IC 40 CHERSIERIKIC 49 75
a.zn‘qm%¥mmnmkt 2R NO. % BIC NO.Y itk U2 MmbTH 2. Wind
1};3; b NNO, BiEfEbHAMc RTERICEEL T, NOF o3 AIRICHDLD Lok L
fe.  SEOBED FICH I B URCTREFEOfA o i KB L L T 5K
Fi!ﬂ-'}.‘rm{ FYRETHHT LT 2—oDRKEL 5. MIHERESHO 0¥
LIl 4 + HEETH 2T & bHICEBYICHBICZRBHTH DN

@) EARMFOFRICHT, REBERELAOLERKEL NOS LH LMWFOPRL R
E2NbOE L. ZRAOMTEHHETIES $OTHS. —HIC o, m, % p-lLaho

TR RGO HMIC R TH 2. 1o Cele & CoHN oFFiyMifLic RCHiL 4%
Mo ax/an bIfLECIEIIRTH 2.2 LY RERELIOBI MBS T2 L
TALEAE GO R A & D EHE L LR 6 A& v, Mg S o fbkhi-r-§iz NOt L ofE
o ) D15 Lolko o W eE TR 1 ok 28, NOt L ofideiy g —KLeit
E TR LD I FAbiLD. MELL ORI D Liftlonpichs+, —E
(A6 AX DRI HTERENRERT LOTH S,

(3) MHCPILTHIR= 2 AF =K 7 ~ v ¥x JF ~fUCICRABLL Tt 20283010 fn
$CH DD —HC LB TICRTEFO = 2 AF - ORRT L5 G 80:20 & 3L T .
CollsX K Colle.o. N Wt EORBICRTER = FAE~CERTR VA, 27—zt

¥ ERBDMCH~BRD. (2) & G) KGO ED FIREhNIcbDTHD. Eiko
BAE b ANt RERZTHEOmMHE~BN %, BB o m, Kp FrritkEtTs ok
HModdr NOt roffitihed 3. e

4) M2 LIt ClleN 1282 6 (C) Mogp(0) —=nlC) OFiE EROELL VHFLTHRL
Fo. PUTE~NT B, MFOMRITT 2 B R NE N OB E K2 ERTLOTS
5. @~ CHCH, il 2,88 p it P e~y FrBo i~y +a
A%, CeHaNO., ColL,COOTI, CH.COOC.I1,, Call:COOCH., CeH.CCly iz M g%t
ey ¥ B VBT Y RESD. BENFOBEOFTR RIETHY i s & K L%
FORSFOIEE M LTS, ~u¥F i, CH.LL CHCl, CHLUN, OH {48 IEM 1T M syt
flc LTIERIE T D '

WROXREIMTET 21T ¢, (C)—sul(C) <0 2545, Enaﬁ%ﬁuitf.ﬂzﬁam’*ri Lo
WL A IS HETECH Y, 6O —2u(C) >0 % BIPA B HIOGHNA AT AL # 2

16) Price, Chem. Aev,, 29, 37 (1941),
17) %k 4) p. BI—152 B,
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No. 'l fMESNo K~ UE (B1H) 20
i Talle 20,9
" Substitirent
Charge x - :
100.e5.0. o cl Br 1 'cOOIl | €OOCIH,
0u(C) 0.0933(n)| 0115 (n) - 0.116 (n)| 0.0909(n)| 0.0838(m) | 0.065Km)
()=l C) —0.080 (n)| —0.088 (n)| —0.085 (n)|—0.084 (n)| 0.0460(n) | 0.0300(n)
: | ! Substituent
Charge x ! R
W eda, cooGi, | No, | i cara | cuc, | oo
eulC) | 0.0849(n) | 0.164 (m) | —0.0128(n) o.o'.'as(m)l o.osm{m}l 0.0611(m)
edC)— 2 (C) 0.0391 (n) ‘ 0.057 (n) | —0.04M (n) | —0.041 (n)' =0.013 (n)! 0.0016 (n)

18) Here n and m represent the values obtained from the rates of nitralion and dipole moments,
respectively.
HRHECH D, ZEDEKICETBEHEL o & p RECETHEY m REoZhiCIL,
KETHh0THY, KT Ei_i_fiﬁ‘cé!;li REICEHT2 b0TH YA D, D) BIEK
ORI RGF ORI 0 L. BUF AOTRIE K OB O EMRERMIC L5 F, &
B b T SR ERA~B b OTHD. |
5) RFARFIHOERNHR B e
BHALRNAS G- ONEA AT & D T LA ATIIEEIFIC X D TRETR AN T L Y, £ DH
(LSRR ClN NOWM i MRt L T 5.9 RLitofh b, ¢ BT
BN EERCANTIEZ Y. ROTRAZIHLCHELTEEZVHTD S, A~
Wheland 7 Pauling™? (3S#SHUHKD 7 HTOME LMD MNLZ 5 K % 171881
EHLTND. RS0 Tive, SEBcilicticd < FEMRIE (1L oom, & p) | ICEEE
2D r oM e IZAOW TR S,
b= Jo5- (433,—34d,)

1 —_ -
b =08 (17d,—4d,)

-1 i
ﬂm=‘i"6§" (6| """28‘31')

fp =W (118, -24,)

18) (a) Iickel, Z. plipsib. Chers, B 35, 163 (1037)3 (b) Wheland & Pauling, S Awm. Chem. Soc., 81,
2086 (11635); (c) Sherman & Ketalaar, Pﬁyﬂ'm’, 6, H72 (1939); (d) Ketalaar, Ree. trao, chim., &8,
466, 311 (1939). :

1 (1943)



MEILZD#ES Vol 17 No. 1 (1943)

S0 (R = % Val. XVII

IR O IS TSR Z00C, A=da/f Co%. ML do RERIEC 55, KT
B2 2 —uv= A ¥—O8{LTdS. o

RHiZ o B OBBEREET 1 X 0EFoicB3icffn 045 R 3MTICk Tl
<IE ;gggﬂgb-ﬂg;a. Wi d,=0.454, :{f;Z:Bﬁi?:&_l:ji\:lCR.?g?hﬂf

2,=—0.0259 3,
pm_ouma e e -

p.,—0093-1 o,

A3, m K p WFICRE S 6 B & WA LTHTENERD St rfige,
HrerInTEAV. AL o ETOFBREIEE 04 R2MTIC X hTib T30 ER
SNE, m & p BIFITHNT 6 X b PEFHETICLRF 2NV, BEBKTICHRIZS
aﬁﬁ?ﬁ-—fl?)—f & ‘i"7 %Alcﬁ"‘tfiﬁimt ECH 3, FHL Y Wheland X Pauling &iF53:
PRBICLTO, 0,=0450,, dn=045"3, 0,=045%, SOURF NS i, EXOMBIC
Mﬂamﬁ.ﬁﬁ%@ﬂﬁﬂ%ﬁb(&%féﬁ)mmkogﬁtuﬂmén5.

128 D -1

(1) aEicH~bhs ,“-.mﬁ.mTlc —iE R~ ¥ DMILEEL ) RGOS
THOBEE KA RN L7, ML THAIENEL 2 BT 5.

(2) FEEELSHREHEKLSHhORBFEPOI L uﬁ’ﬁ‘ﬂ:ﬁm o, m, P“§5}$t3f#‘f
AWBFMECHS. MLTZIHML +5E5—-BETRT.

(3 DEoOREr b ATBORELE TAOBERFELWEHSALMNS. () FiEe
4+ RECHOT, WLH X-NO, [I7EHAIRERAT X~ & NOF B8, &K
EIcHs5 DT 5. ﬂﬂﬁﬁﬁ#&va+&bﬂﬁﬁmm&b.mmﬁ@omﬁmﬁm
2 AAF-BROFEEHO =X - L BEPT 5.

) Ry ORMIED HIHLT BB RO RIIC ERNARIRE M A~Te.

(8) MEFFOINGIC L ) T4 FNOEHS D 0 TEMICHIE S LRELRLS.
WHOE BRI E 2L MERICUBTIEROS T NA~BICHL, MLfEL ) Thd 55 7H
OB I AT RER AR Y B L2 Wik ik FlICfiT 5.

AL E A eI, Princelon KEiZ AT Eyring -?t&ﬂ!)i‘iﬁl;ﬂm& BEMEMOTFick &
720 0THB. WCHREB R RUTB LT, BEOEFINICHLEHENTF2
WL SRR BR IR T 5. | “

b A I @ ‘
1 B ¥ % K (REAIITH L B 21 |AR)
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THE: EFFECT OF ‘ORGANIC: SUBSTITUENTS
ON REACTIVITY,
1. The Otientaﬁon Effect in Mono-Substituted Benzenes,

By Taikgl Ri.

(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 mcéments of the
latter from. reaction rate data -alone, These coincide very well with the observed: momerits.

{2) From the dipole moments of aromalic -and aliphatic compounds, . the- ortho-,. meta-
and para-percentages during. nitration are calculated. These also accord satisfactorily with the
experimental values.

(8) It is concluded that these two facts give a quantitative basis to the usual cxphnat:on
about the orieriting power -of substituerits of benzene, e

{#} The nitration of benzene is an fonic reaction: The nitrating agent X-NQ, dis-
sociates Into N~ and NO,* in the activated complex, and the latter ion -interacts with the
reacting carbon. The activation free energy is reduced by the amount o the electrostatic
interaction, i.e, 4.80-107'° /(D). Here &y is the charge on thc reactmg carbon, the
listance between NO.F and the reacting carbon in the activated comple\ D, the dlelectnc
coustant of the medium between \’Cl."‘ and’ the lE"lCtmlF carbon,

(3) The author finds that r=1.6'A and D=1 approximately, independent of thé hature
of the reacling media, ' .

{6) The theory of Wheland and Pauling on thc or 1enung power of substituents of benzene
is discussed. et O Je - 3 -

Ingtitige for Chemical Researeh,
Kyoto Dmperial University. ; (Now, 21, 1942)



