o R
. WEILZDES Vol. 19 No. '4&5M.

, . T

' !

i

wWERALROEY
WI9FH4- SR (WA050A)

/

BERNORILETELIZH S 3 BEEOKED

F E 5
[ L] F HE

(1) # B

—SXTATHL S AR L LR TE X 20 BB RIS Itk 538854 { . WBMEd 5
TR B BT R~ e Vo 4R L— R0 AT L A g FTmic RRIL IR X 20 5. It
OREOKEEDHC, it b FHic LTROMEIRE b 0, Bl TREEME (reductant)
& LT benzenoid # ¥ L4413 b 028, MILBHE (oxidant) & LT quinoid fkicEiban
2BETH5. ARCRTRENLIRBEIRTORHETIHICT S, PNEZAL P g7
v (HQ) #iEa&iEichciRitaiTs 7~ (Q) i 2 R A LT

Col1,(0H), = CH, 0, +2H*++2¢

7 B AR AR T 3. doe HQ % Q ORAMESE Rk L, Zic Pt ol

EREBOBE O 5 &, LROTEIELT 2050, Pt R —EOHERI &+,

ORBRATIL AR BAAr  (oxidation-reduction potential 3Z|E redox potential) rWEiriL, i

B, H~EKEEBY MO TZEHRCELEZ0TH 5.
MTIHORILRTLM E &

4F -
E=-E+ . |
mtm«ana.ﬁm,ﬂmnmmo%@mmxiw¥—owwt,Fu%mmWOﬁmh
n BRI B ET oMY RIET. KEK 1 F v DBRECGEL  REEE) 11z LT, #Rik
T R AT OB E(E L & X PR A L\ DR (LR LA ksl E{I (standard

#i: normal poténtial) LN, ZIIEKR T l.f”-’\l:)ﬂ%

o _AF°
) ~.nF '
HWic B IR, —4F° RREOBOMIRE N = 4 ¥ - ORSERIET. 1O E° ) ,

HWE Y~ L—EOREE N0 S &, Bichmiiro—~EoERT.

WD % FHEMORUETEN BT 5 SEREPFIE 1900 458 E ) BIEc R 5 268 L Tk
NTR D, BicERBIc 8 2 BIRIEOMBIL 5 OFERSICK D THBICHEINTD -
BEETHD. R3iCZICHT 3R EEWC SERMT IR ER INTHEWIRE
TH 5. :

7=/~ BT v HORWRICEN '(critical oxidation potential) 1T #1 3{BREO I -




e cr T ' t

154 : G E %, TNHE : Val. XIX

§ L. F. Fiese I L OCHUHREICBIA S TR B 4%, ZITHT 2R @;ﬁmnfﬁ

I\

FHFOH - A (F) R B ARIIRIEOKEIET T 6&"’*&”& L, JEAmREE, LR
RO KB #45 fﬁ:&‘émﬁ/ﬁ& L SRMT 2 MR L. /f»‘ﬁilt"‘&iszEF.mu%:Fﬁ
fLRILREN LT, B“'JE%UHUI&%F@W‘FEUXD*H WETIc B4 % %&J&V)E’cﬁﬁ&
MNCBREA LTS, .

(I &wgiammﬂiaiﬁéwﬁﬁ

(1) ZHBERHRE
4 HQ #smikahT Q &L&%M‘E%—kblﬂl?{%’:ﬁ“fiﬁnf% bDLEAD.

oO—u O-—IT+ O -1+ o= -

, N A A l '
-@:u SRS G
- (')—lr (I)-—u+ | O—H+ r,l)f

O- s8] ' (9] (o]

/I\ R /K ~ / /"\
U=l e =)
4 AN A V4 NS

o o 6 R

Womd BET 5L 5\ SRIEKENESHIEORO L THBEM BEEH = F L ¥ -0
WY —4F° 1E @) (1) (o) (d) O x DRI Y BILHORYI L B~ b s, WiLTHE
(@) % (1) BETFOSFRBHOMKITHLRIECH 255, MIREOBBIRY Tk
WwEHABILS. %nmc’gw&oﬁﬁt: EOTHORDOE THRITER Y 4+ 2 Ok E
b) & () O=o0HrTHDEEE

F7r L FrF )y, F2FURLVY N, Fudx) /&%DMDEEB%EK?}LT%
& AROBELMT 5. AOEEMIIHI= 54 ¥~ O —4F° OIS Ko RILER
SBET X D KA A v OIEWE TR OB ORI k5 LE~BILS. momammmﬁ

| SEHURE D B8 RUCRNLL DT B bk RER B¢ BB,

@ RET|H
—K B DTN L TET B0, Tox AERITWm Y183 m;témswﬂﬁomt LT, %

OIS RX R s, ko S SHES o CTREINTHS. ATt ®

© o ORMEBYG BBiC G N. Levis® OFirR2Hic+%. o ml ﬂI;L’J‘Z) L, BRI
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Fig. 1. The charge distribution due to the - Fig. 2. The charge distribuiinn due to the.
inductive effect of a substituent resonance effect of a substituent
in 1,4 hyquuinone . in 1,4 hydroquinone.
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BEDEEEI R B0D TREE amztﬁ;&mmfa% Mg+, Fiese” 1o X DCHldEICE .
OREEILATEINTHS. Hb7=7~2ET > YRLL 3% Fericyanide-Ferro- .
cyanide FRORADEILBTBIT* ¥ LATL, ZEIC7 =7 - AL T v ORRRERL
EELTRES. 2% EC gTkixTauct 3. o EC goaFLy 77 AR T >0

E° e wit, ES-Ef ~E2-Eg L RaWAA3. dcicwgordc ES—F§ & EYFL
_.,muaz, T DREITRIELS 8 R R 9 RO TB 2. '
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Table 1. Normal potentials of lIO—-/ ,)—-OH. ,

(25°C, ale: ‘solution)

- go EX—Ei in mv. EXER -
X in mv. Ref. .
. - . Obs. Calc. Obs. 7 Cale.
H 715 1)
—711* - 2
. — 699t -9 .
Cl —B6 3) —u1 —25.5 1.03 1.04
—784% bj 2 1.03: \
© Br —173h 4) —20 —u8.5. 1.03 1.04
—737¢ e —26 1.04
I —7061 2 -7 | . —-l142 1.01 1.02 .
—7ar «2 —26 1.04 My
CHy —656 ) 59 T 417 0,92 094 v
OH —598 4) 117 184.0 0.84 074
OCH, —594 - 5 121 <1122 0.53 084 o
*  Optical method. \ s

1 Aqueous solutio.
1) Fieser, /- Am. Chem. Soc., §2, 4915 (1930)
2) Kvalnes; #id., 56, 667 (1934).
3) Conant and Ficser, iid; 45, 2194 (1923).
" 4) Conant and'Fieser, /id., 46, 1858 (1924), ‘
b) Fleser, ibid., 52, 5223 (1930). - - . -
* WioFsEE: G. N. Lewis v)ﬁwmﬁoﬂmataﬂ:&m‘%{wwd iz zashfim{l:ho}crz Y% v
-
L . \\
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Table 2. Normal potentials of IIO—/\ —X.
(25°C, H,50,-solution)
) o " E&-Ef inmv EX/ER
X s Ref.
’ i mv. Obs, Cale, Obs. Cale.
It —794 6) ‘ .
cl —811 6) —17 —34.5 102 1.04
Cli, —744 6) 50 88.3 0.94 0.89
7 OCH, —658 6) -+ 186 103.9 0.83 0.87
6) Kvalnes, #6id.;, 56, 2487 (1934). , \
) ’ . , oit
\ |
Table 3. Normal potentials of X—¢ >—< /\ . -
OH
(25°C, alc. solution)
1o - Ef—LEf lin mv. ER/ES
X in Ref. - -
mv: Obs. Cale. , Obs. Calc.
H —694 )
—698* 7
NO, —7o1e 7) —3 —1638 103. ¢ 1.02
COOH —715 ~7) ~ —2a1 —8.9 103 101
CH, —6 7) e 3.6 1.00 1.00
OCIH, 653 | M J o 10.3° 0.99 0.99
*  Optical method. . T
« 7) Kvalnes, iid., 56, 2478 (1934). . :
. . ' o
. |
o ' I\ \-—X
Table 4. Normal potentials of k I .
SN
. 25°C) o
. 0 Ef—1f in mv. EX/ER
X in I:mv Refy .
: Obs Cale. Obs. ¢ - Cale,
i —483.9¢ 8 | i
e —508.0 ¢ g | -2 —17.0 1.05 1.04
CH, —408.0p 8) 76 28.8 0.85 0.94
o ~356.9 8) ' 127 128.5 0.74 0.74
OCll, —352.0 8 | 131 79.1 0.7 0.84
‘N, —u74.9f 8) ] 210 116.8 0.57 0.76

* 509 alc, 01N in HCl and 02N in LiClL
"t 87% ale, 0.047TM i8 KILPO, and 0.047 M in Na,lIPO,.
3 709 alc, 02N in HCl and 0.2N in LiCl.

8) Fieser and Fieser; ibid., 57, 491 (1935). .
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Table 5. Normal potentials of | | ] S,
(25°) X \
E° i EX—Ef in mv. EX/Eft
X in my Ref. - : ‘
- Obs. Cale. . Obs. Cale.
i ~576.03 5 |
NH, —-324.97 8) 451 123.5 0.56 . 0.79
OCH, —433.0 8) 143 [ 736 0.75 0.87
CH; —531.5§ 8) 4 61.4 0.92 0.39
J
The meaning of the symbols { and ¢ arc the same to Table 4.
-0 011
|+
, /TN .
Table 6. Normal potentials of /5 \ s 1IN
. N5/ ACE Y
- |
(25°C) . 4
EY ’ E{—Ef in mv, E$/ES
X in mv Ref. 7 E - ‘
- Obs. Cale. Obs. Cale.
It 1y —ds8* 1 m
. : —4601 9)
—471¢ 9) > :
NH. —363% Y] 93 90.5 0.79 0.80
CH; . —394¢ 9) 64 45.4 0.86 0.90
OH —~40H* r9) H3 88.5 0.88 0.81
- OCH; —419* 9) 39 9 54.9 0.9 0.88
. Br —400¢ 9) —38 =141 1.06 1.03
COOIH -520% 9) . —49 —b3.0 1.11 1.12
CN —547§ 9) —76 —145.0 116 1.82
NO, —562 9)° —91 . —1827.0 ] 1.2 1.28

* 502 ale, 0.1 N in HCl and 0.2N in LiCl

-3724" ale., 0.047TM in KH,PO, and 0.047 M in Na,HPO,,
2 6% alc.,, 02N in IICl and 0.2N in LiCL
9) Fieser, ibids 51, 3101 (1929).

; d /
. ou
. o N ,
Table 7. Normal potentials of / N /L X -
\___/ \~_/ .
(25°C) - on
Eo . EZ—Ef} in mv. EX/1i
X in mv. Ref. B .
Obs. Cale. Obs. Cale.
oo —523* 9) _ J
Ol —410* 9) 113 - 95.6 0.78 0.82
CH, —418% 9) 105 203 - 0.80 0.96
OCH, —409* 9) 114 58.8 078 0.89

The meaning of the symhbol * is the same to Table 6.
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Table 8, Critical oxidation polentals of x;<—‘—\,—ou.
(25°C, alc. solution)

Eo E%—Efy in mv. ES/Ef

X N Ref. 7 :

momve Obs. Cale. Obs. Cale.
H —1089 10) oo ‘ _
NO, —1433 10) —344 . —3100 1.32 1.29
Co0HI —1357 10) . —268 . =165.0 1.25 1.15
cl —1094 10) —5 —20.1 1.01 1.03 h
CH,4 —1037 w | sz 67.47 0.96 0.94
ocr, —854 - 10) 235 187.5 0:79 '0.83

10) Fieser, /&id., §2, 5204 (1930). . -

H

|
Table Y. Critical oxidationi patentials of IIO—\ ,-—C X.

(uo"(, ale, snlullon) II /
. Ee EL-Ef in mv. ER/EG
X in ;nv Ref. i
: Obs. Cale. Ohbs. Calc.,
1t " 1087 10)
OH —1052 10) —15 —33.7 1.02 1.03
CeH, —1052 10) —15 —171 1.02 102
COOfL - —10h1 10) -4 —96.5 1.01 1.09

BLEOHMEXRACHET O L E: AP S & i Duﬁfiiﬁ%’f'\g %CD’C'B
56 ¢ 9, 10~Phenanthrene HQ o4} E’[‘U‘H"Ih%ﬁ{ﬁ% X #3olBedsHE
24, 1 ODWE B2 EA VEEMIZTE L2 5N, 23 NRILIc X %ﬁf?ﬁﬂ:@ﬁ‘#m};’\f

CERCELSG HO9RI0DMED O LRxDH LOMOKESEERMZICK L T10 o4
#Ho OH L 10 X OO ZENRPAEE~SNDIM, X X ) O, & O, Rilf-FireiBi

INHEHRARICATHELV 2 HEALNZNLTHS. AL 2T 4 OMEITEMIE X &
%Z$Aﬁ‘(#N&ﬁwﬁfOH‘H.GW#mOMfgﬁﬁ#ﬁ%éﬁTbBW”ﬁWL
DFE %lxmsoﬁﬁm\#b?%AmuLtﬁm%m%ﬂmd&6mm&r? el ¥ A
mm#&MM@beTQ&DMﬁ&ﬁO«éfaz

IVl M F
(1) OH #EomER : . T

O—H #HLHHSA % LTH BRHZ Z LD DR AT RE ORE LT OBIRRE + 2%
PR DA, T A TRABILTH 2O TR DENIEERH : TOETHB L H~BINS. Hick

HIZTRIWOBETTH S EBE L. S RET RSN L VA3 b, Rikil+ 5
7=~ NORBEEOHINERY VT2 R R 2 Bizh 3.

T) TFieser, ibid., 51, 3101 (1929),
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) EBEeo=EHEAHl . :
Pauling® i XL IXILBESSOZMESYE » RANITTHRIZ 2N 3.

3z

R=R,—(R,— R} X 55— Dt s

Hic R nﬁ%‘mz@%Ao&zmﬁ&wﬁub R, & R, 125 2O ILBES & psslbeic Hiks
ARTEREA YR LTHBSORINERERAT. 20l R 4 R B e fLEEA R = iifs
&kh L"CD%&?D CE O @it r%‘b"‘iﬁw(’)fﬂ&l}f%ﬂil, R it 1, 4—HQ ), 4 ] 2—

"HQ oEHlfifidskvwoT B- ReSor&inol ® C—O TS 136 A cHEpagIcss LV 2;1'2: E

x=014 A 5. MiCIED C—O0 AT X OTHEEMIRRIGRRONES L BRI ik
g) - .
0.45(1—0.14) +1x0,14=0.53 .

kD, 2% 055 L LT LY.

kiT Naphtho HQ, Phenanthrene HQ 40 C—O i:,,AD_.Ei#"A‘H (5 & {27 1 K4 f&ﬁ:?%

Bpanch % Calvin'® iz HQ O KeLuk Fﬁu@ﬁt m, Q OFENE n, &T&fﬁ#ﬁ;ﬁa) Q
% HQ ox=4n¥- ﬁ@&ﬂc%}cko%@ ng/m CHRIZLBBLELTHS. Eut» ne/my A2
K28 Q 7 HQ il thEthrbtLThHs. 4.C—0 HEOTE AN Q 0%
Eﬁttl%&ﬁi‘i‘%& ik ng/on CHMAT S LEABND. Zhledh HQ icowT
ng/mn 23T 22, 1L,4—HQ, 1,2—HQ, 14—-Naphtho HQ, 1,2—Naphtho HQ, 1,4—
Phenanthrene HQQ, %' 9, 10—Phenanthrene. HQ 1%+ 1/2, l/d, 2/3, 2/3, 3/5, 4/5 L1 3.
HITZNSD C—0 BADIEMHATEILI R 0.14, 0.14, 0.‘14x4/3 0.14x4/3, 0.14x6/5 %
0.14x8/5 Lk %. HFOMEMOTEEL RO FHITED, C—0 WAk L 3RMAOME
EUL ?cnlﬁ'ﬁ'%%fﬂ, EEWJD—.O’X:I}%%%’{?] 0.6 Tk Dre. o

@) WERF f OHE | )

r

CKEHEACIAHIEY R AL T%ﬂ?lcn T o7k§‘&#z‘iﬁ~7bx{uj/iuzf—r&mzzm6u.cﬁ

BH 5.

ST RITKEEA Y LTH D0 BTEEY o, %élcrk;’%%ﬁ YHRLTHE
WIsDIIER Y o T3 E, EREOMEHEAONATEY ¥ i

¥ =angn+2ao0¢o
YlcTEABND. T ah K ad li?‘w ¢ & o oﬁﬁmapzoh—ré,a)u.uc Z}S&ﬁm'"m
lOTFﬂ”Wéﬂfc&é( Ao Fkick 2T ' “ ¢
. 1 — PIhh_E . .
_;;’:-—1 Hoo—E : -~ (14) .\

8) Pauling, 7% Nature of the Chemical Bond, p, 175, |

9) Branch and Calvin,- Zhe Theory o Organic Chemistry, p. 109 (1941) (Prentice 1lall).
10) Branch and Calvin, /id.,, p. 308,

1) Fh5h, wmbMoiEg, 18, 24 (1]19).
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. 4T E REBOMA = A ¥~ e LT, Hu & Hoo (% % BN KRS A X
L—z:?a BIFKTERIC LTHRWHORKE = F 4 ¥~ R T EH~IPHMHS. 2500
EIRHICTEIT 3 AT B X=C & 2 YRR TROMBEBHT LT

‘I“.:”n(J—'EH--u (15)

Ac1+]c| _ Au+IO

. Huw=Hoo+Euw—Lua +A 3 ) (18)

#ic Fu“‘-c; RAKEEE-FAX~ (39kcal/mO|e)") ¥#IEL, Eon % L]ICI i+~ O—H
OG- F = (110.2 keal/mole)™ K H—Cl DA I:rll/¥-— (1027Lcal/molc)“’ ¥

KIEL, 1A A R4 F L= 3 ¥ RETWRD £ R T S O LTER SO

ZADML CTHB. lo=312.3kcal, Ic;=2989 keal, A,=50.6 kcal, Ac;=86.5 kcal.
Huw #3 (16) Kol BN 2 DIRKERHE EAOML EFetrbCHS. kT O—H

C PR (HF:Fo) LT H 2L CL Itiae L3 (L3 Eua). 28 C

"\o+ Io.

X o e (1 29 o estae (1 - Vet
%%%%@%$Ekﬁ®m<%«&®ﬁtwdﬂ&Lf@k%é

¥,

BTKBHERMEFDE, o Hrn ¥y, NH,, OH o>4n% IEHERCR (positive resonance
effect) a)uﬂﬁbtlﬂ: afsr )tih’;!ﬁ'}‘ L, i#fic NQ.,, SO;ll, COOIll @ﬁn%ﬁ;glu}ﬂqgmﬁ#i;@%gp};
WIT 52 BEABND. WIT—BIT alle | LIPMTB b DL L HERUR b 2 & Mtk
ANTHEEERN DS al [ elX) | LEMT D2 E DL L. ik O BB 42 MAMK
FHREH~2 2 1HOWT & HY il 230 X 0 0.35*EFHULL ABAIT 240 4
1,68 x 10" esu. DENLA LM LB SIS, RLSEAT O 2B IN 3T CHE W
B, HIZORSLOBEMED SRR Tl 25 L 2 BEM YR LIS & T 53R .
ROT—HICPHBYPRIEEESDERICY O T, NII- D4 ESETEEL (positive inductive effect)
ORI RESEMILI 2T R b, v 5, NO, SO, COOH & fFEEIRORIC
RAEMT B DEE~BRD. LR TRAEOKENAITH TITHERME al [4(X) | L9
MyaLELenThs ZHEMITL LTOMERENTT2E0TH 2.

1 ¢ LT M=ai=0147 THBHRERETULOTOC biT =02 & BHfik H e

@4 7 ; J = oReagl }
T REOKEHESOMBME BIETAND &, = ) ~ L OREREIC T B R BIE OB
le(%%éﬂ%-éﬁ7=1—w&ﬂﬁﬁ711—wwﬁﬁﬁ%&}kKmKu&T%
X e
' Kx a4re

12) Pauling, The Nature of the Chemical Bond, p. 33
13) Pauling, #dd., p. 53, : [ ]
14)  Ilerzberg, Atomspektren nnd Atomstruktnr, pi 158, p. 168,
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P B BT 0AFS IR 7 = 7 — A RIFR T = 7 ~ L OREICET SHEOXTE S It
ke ARk LT

ce(O)e(H?) o as)

04F° =— IOHD 4

'ana Ewmuk6nmﬁﬁﬂ¢&é<ﬂ~f »25. INRADHER L D

Kx _ ce(O)e(li) .
Kn rouD RT

In

'

£14%. A5z T=298°, R=198cal, D=1, c=12, o(H*= 480X]0"°esu ]

o, HORm@(}41#%®%hﬁﬁW%®l2m&ma%&

log —-I-{-——53 3 5(0) x10% L a9)

Lk Emﬂfﬁm%><ulot()H%Kﬁﬂén%%hnm&%<ﬁﬁmbf X 1

23 DAET H B
e,,(0)=0 0658 ¢,(X) + 0.538 £,
iTL<T, ivz‘ﬂr‘)lté A1 _ ,
&0 0)=0.9658 ea{X) +0.538 = +0.2(0.0658 | es(X) [+0.538 | e |) -
Eh b BT (0) & eof0) k2 fidt X ;biA' FRALY ORITH BT X i )
O P CHELINDEHERET. ZEDHAYMOT Kx/Ku (35 K41 V) k3HEE2
S SBI0E R DOML TH S

Table 10.. The dissociation constants of p-substituted phengls.
-, (25°C, 30% aq. EtOH solution) °

Al

Substituent K.x10m Ref. }%‘){E‘ ’,‘ : l({é‘/ li(f.;l
R 0:32 11) )
Yy - 026 1) 0.81 0.76
cl 1.32 11) 4.13 . 288
Br 1.55 1) 4.84 4.14
1 219 R 1Y) 6.85 154 ’

11) Dippy, Chem. Rev., 25, 1581 (1939).

Table 11. The dissociation constants of o-substituted phcnu]s
(35°C, 30% ags T0H solution)

4
o . - L Kx/Ky Kx/Kn
1
f Sabstituent K x1010 Ref. . | (Obs) (Calc)
i 032 [ 1) . ] : -
F 427 1) 133 . 30.2
a 102 g YY) 319 149.0-
Br. | , 9.78 1) 30.6 46.8
1 i9,12 1) 28.5 12.9
. []
. b .
' -
¢ ‘ °
3 .
! - [ ] ’
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"THE EFFECT OF SUBSTITUENTS ON THE'REDOX-
POTENTIALS OF ORGANIC SUBSTANCES.

By Tamker Rr and Hipeo Takavama.

(Abstract)

The eflect of substituents on the redox-potentials of organi¢ compounds is very often pro-
nounced. The present work intends to give some quantitative considerations about the pheno- _
menon from the Lheory oi substituents of gne (Ri) of ‘the authors.

Among the organic compounds, hydroquinones and phenols have been studied very
thoroughly, so the authOré consider the effect of substituents on these compounds, For this
purpose they make the following assumptions ;

(1) The oxidation and reduction of the compounds occur through the following stages,

()  HO-CH,-OH 2 H*—0-+CiH,-0-—H* : ' \
(1) H+—0"+C;H,0-—H+ = 0~ -¢ S0~ 4211+
@ 0=¢_ Y020 o+

TN AN\
@ o0-{__>-0=0={__>=0

and the substituents give influence’ on the reactions, (b) and (c), only:

(2) When the substituents are in the. ortho-position; tf)ey make hydrogen bonds.

{3) There is double hond character between the nuclear carbon and the hydroxyl oxygen
atom, and the degree of the double bond character is different 'lccordmg to the class of the
compounds. \

Using Ri’s theory under the above assumption, Ex—E“ and h‘g/IIn one calculated, where
E% and Eff are the normal retlc)\ potentials of the substituted and non-substituted compom}ds, .
respectively.  The agreement between the calculated and _experimental values is satisfactory.

. . . i .
The Chemieal Institute, '\
. Kyoto Imperial Untvrsity. * (Recetved April 11, i.‘)-#."»)






