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Fig. 1. The charge distribution due to the - Fig. 2. The charge distribution due (o the

inductive effect of a substituent resonance effect of a substiluent
in 1,4 hydroquinone. in 1,4 hydroquinone.
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Table 1. Normal potentials of I{0-<:>—O-H. \
(25°C, ale. solution)

| \ R
.o Ex—Ei in mv. EXfExi .~
X in- mv, R-d' : . .
. - mv , Obss. Cale. Obs. * Cale.
H -715 7 1)
—711* ! 2)
. — 699t o ]
cl —8 b)) — —25.5 1.03 1.04
—T34* b)) ~23 1.0% %
B —73h 4) —20 —u8.5 1.03 1.04
—1737* 2 —25 1.04
1 —T7061 ) -7 =147 1.01 1.02 .
—Tare .2 —u6 1.04 ‘i
CIy, —5656 L) By " 417 0,02 094 v !
OH —508 4) 17 184.0 0.84 0.74
ocil, —504 5 121 = 1182 0.53 084 4
& Optical method. . *

¥ Aqueous solutiod.
1) FYieser, /. dm. Chene. Soc., 82, 49156 (1930).
2)  Kvalnes, #4d., 56, 66T (1934).
3). Conant and Fieser, iid., 4§, 2194 (1923).
" 4) Conant and ' Fieser, iid, 46, 1858 (1924).
B) TFieser, iid, 52, 592 (1930). - - . 5
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" “Iable 2. Normal poteritials of 10—¢  D—X.
(25°C, 50 -solutinn)
) - . E%-Ef inmv. . ES/ER
X " Ref. : =
b in mv. Olbs. Cale. , Obs. Cale. ‘ -
It —794 6) ‘ ]
cl —811 6) —17" —245 1.02 © 104
Cll, | —Tad 6) 50 88.3 0.94 0.89
OCITy | —6b8 - 6) 7186 103.9 0.83 0.87
6y Kvalnes, ibid; 56, 2487 (1934). \
: . Y .
’ ) oil
\ | /
Table 3. Normal potentials 'of X—¢ >—-\“ pE -
OH
(25°C, ale. solution)
" Ex—Ef -in my. ER/ES
X in L::v Ref. e -
? .Ol)s. i Calc, s Obs. Cale.
H  —es | 7
—B98* | 7
NO, —me ) —o3 —168 103 . ¢ 1.02
COOIH —T15 s —81 —8.9 1.03 . Lol
CH, —6a1 ' 7) " 3.6 100 1.00
ocrr, —gs3s oM J | 10.3% 0.99 0.9 _ .
¢ ‘
*  Optical method. '
7)  Kvalnes, ibid., 56, 24TR (1924). . : "
. . ' il ’
; : y
- : . S\SN\__x '
Table 4. Normal potentials of '\ [ -
. SN
95°C) O11 '
- E—kf in mv. E/ER
X inIi:w. Rely i :
| Ohs. Cale. Obs. ¢ - Cale.
T | 4839+ g | ' i Cy
. A —B0S.0 ¢ 8§ | —m —17.0 1.0 1.04
CH, —408.0¢ 8 6 28.8 0.85 0.4 -
01T —366.4) 8) 127 128.5 0.74 0.74
OC1, —352.0 8) 131 79.1 L 0.73 0.84 .
‘N, —urant 8) 1 20 | 1168 0.57 0.76

*  £02% ale, 01N in 1Cl and 0.2 N in LiCL

37% ale, 0.047M it KILPO, and 0.047 M in Na,IPO,. '
¢ 70% alc, 02N in HCl and 0.2N in LiClL s
8) Ficser and Fieser; iid., 57, 481 (1935)- .
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Table 5, Normal potentials of k ]-_'”II
: N
(25°) X .
- i EX—ES in mv. ELER
X w T Ref. = :
# i Obs. Cale. . Obs. Cale.
I —~576.07 g |
NI _324 9t 8) 51 1235 0.56 0.79
OCt —~433.0 8) 143 [ 738 0.75 0.87
CH. —531.5% 8) 14 614 0.92 0.89
. ¥
The meaning of the symbols { and § arc the same to Table 4.
-0 o0—il
TIN «
Table 6. Nurm‘ll potentials of /3 "\ VARl
IR VA NI 4
(a°c) ' x
‘o A ) Ex—Ef in mv, E&/BR
X s . Ref. - s
! A e Obs. Cale. Obs. Calc.
1t e R B
: —450t 9)
—4ng 9) 5
NI, —a0 n) | a0.5 079 0.80
Cli; . —304¢ 9) 64 454 0.80 .50
OH —L06H* ) a3 88.5 0.88 0.81
OCH; —419% 9) 39 9 H4.9 oM 0.88
‘' Br — 4907 ) —a% =141 1.06 1.03
COOLL —H30% 9 . —49 —b3.0 1.11 L1z
CN —547§ 9) —76 =145.0 ° 116 1.32
NO, —B68 9)° —901 . —187.0 1.20 1.28
* 502 alc., 0.1 N in IIC! and 0.2N in LiCl
T 372 ale., 0.04TM in KH.PO, and 0.047 M in Na.HFO,.
2 98% alc, 02N in 1ICI and 0.2N in LiCL
9)  Tieser, jid) 51, 3101 (1929).
. o1
e VL.
Table 7. Normal potentials of N /’_"‘\__x -
\__/ \\—/ *:
(25°C) ~ o
o . EX—Ej} in mv. Ex/lii
X in mv. Ref. 2
' Obs. Cale. Obs. Cale.
L 4
) i —Ba3* | 9) _ )
Ol —410* 9) 113 - 96.6 0.78 0.82
CH, —4]18* | 9) 106 208 - 0.80 0.96
OCH, —400+ | 9) 14 58.8 * ors 0.89
' - The meaning of the symbol * is the same (o Table 6,
t
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{25°C, alc. solution)
E° ’ F%—Ef;y in mv. EL/Ef .
X in mv Ref.
. Obs. l Cale. Obs. Cale.
m —1088 10) _— ¢ _
NO, —1433 10) —344 . —%10.0 1.32 1.29
CO011 —1357 10) —264 . —165.0, 1.25 115
(of] —1094 10) —5 —20.1 1.0 .02 -
CH, —1037 10) 52 67.4 0.96 0.9:4
OCI, —854 . 10) 235 187.5 0.79 'o.ss‘:
10) Fieser, féid., 52, 5204 (1930).
H
Table Y. Critical oxidation potentials of ro—¢ \n-(l;'-:{ .
( 5°C, ale, snlulmn) /
x ¢ o - Ef-Lf in mv. ER/ES
o H ' Obs. Calc. Obs. Cale.
It —1037 10)
OH —1052 10) —15 —33.7 1.02 1.03
CeH; —1058 10) —15 ~17.1 1.02 1.02
CooI1L - —10A1 10) -4 —46.5 1.01 1.09
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'THE EFFECT OF SUBSTITUENTS ON THE'REDOX-
POTENTIALS OF ORGANIC SUBSTANCES.

By Tamxer Rr and HipEO TakavaMa.

(Abstract)

The effect 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 theory oi substituents of one (Ri) of ‘the authors.

Among the organic compounds, “hydroquinones and phenols have been studied very
thoroughly, so the author's; consider the effect of substituents on these compounds, For this
purposc they make the [ollowing assumptions ;

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

(@  HOCeH,sOH = H¥—0+Col1,-0-—H+ : . ' \
) H*—0--CH0—H* =0~ -¢__ 3—0-4211+

!
@ o={_d-0-z=0-{ >0+

@ 0-¢ S-0z=0- >0
<

and the substituents give influence on the reactions, {h) and (c), only.

(Q) When the subslituents are in the ortho-position; lﬁey make hydrogen bonds,

{3) There is double hond chamcter between the nuclear carbon and lhe hydroxyl oxygen
atom, and the degree of the double bond character is different according m the class of the
compounds. \ .

Using Ri's theory under the above assumption, E}—E.‘E'g and EX/Ef one calculated, where
Ex and EJ are ths nommal -redoxnpomntials of the substitated and non-substituted compounds,
respectively.  The agreement between the calculated and _experimental values is satisfactory.
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