Extinction Coefficients of Mixtures of Uranyl Nitrate
and Organic Acids in the Ultraviolet, as Experi-
mental Evidence in Favour of the Fermation of
Unstable Intermediate Compounds.

By JranENDRA CHANDRA GHOSH AND BRUPENDRA NATH MITTER.

It is well known that almost all orgenic acids undergn photo-
chemical decomposition in presence of uranyl salts. The genersl
mechanism of this photo-chemical reaction is nob yet definitely

settled, and this investigation was undertaken with the object of
elucidating this problem.

Vietor Henri (Compt. rend., 1914, 188, 181) has already
observed that the extinction coefficient of miztures of ozalic acid
and uranyl salts in agueous solution for wave-lengths in the
ultraviolet is greater thsn the sum of the extinetion coefficients
of these solutions for the same rediation taken separately. No
systematic work, however, has been done in the subject, and no
clear explanation of this phenomenon has been offered.

If we accept the thecry that a change in colour is duetfo s
change in the nature of the molecular species, then it is not
difficult to obtain & simple and quantitative explanation of this
exaltation in the value of the extinction coefficients. Let us
assume for the sake of simplicity that one molecule of uranyl
nitrate (U) may combine with one molecule of an orgenic acid (A)
to give us one molecule of the intermediate complex (M). Then
applying the law of mass action, if ¢ be the concentration of the
intermediate complex, end U, and A, the initial concentration of
uranyl nitrate and of the organic acid respectively,

(U,— z,] [A-l““'l] =Kz, 4y
At the same temperature the velue of K should remain constant.
Let E?;, EX and Eﬁ be the molecular extinetion coeffeients for

wave-length A of the uranyl salt, the organic acid, and the
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intermediate complex respectively. Then the observed extinction
coefficient for the mixture

E, = B, [UI—-a:l ]z+ E, [Al —31]1+E;[ [:1]112)

where | is length of the solution through which light passes,
For other dilutions,

E, = E [U,—z,]l+E: [Ag _— ] -I_-E;I[z,]l(s)
and[U.—:c,] A.—a,] = Kz, 4)

The values E: and E; , E?I, E:. [U:_], [U.], [‘41], [A']

and [ are experimentally measured magnitudes.

There are thus four unknown quantities = L T K, and E;d'

and four equations, and hence their values can be determined. For
any other wave-length, A', since the value of K" always remaine the
same, @ can be easily calculated from equatfion (1) and therefore
from o single measurement of extinetion coefficient of mixture and
of the components separately, it is possible to calculate the value

of E;a’ as will be clear from the following equation.
A £y A A
E =B [U-z]+E, [A—.-..]+EM [= ]

From the tables given in the paper it will be seen that the
experimental data of extinction coefficients of mixtures in most
cages can be quantitatively explained—

(1) on the basis of an equilibrium in solution between the uranyl
salt ond organic acid as reasctants and an intermediate complex
formed by the loose combination of one molecule of each of the

reactants, and
(2) on the assumption of a definite value of molecular extine-

tion coefficients for each wave-lengbth for the intermediate complex so
formed,
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EXPBRIMENTAL,

The uranyl nitrate snd the acids wers carefully purified in the
laboratory, and the extinction coefficients were measured with the
aid of rotating sector photometer of Adam Hilger in conjunction
with their quartz spectrograph.

Though the photiographic density of the two specira in juxtapoai-
tion can be compared fairly accurately still the probability of error
in the value of the extinction coefficients is certainly + 7 %.

The length of the tube oconteining the solution was 2 cm. in all

the cases.
TasLe I,

M/2000 Uranyl nitrate (1) and Formic 4dcid (A); K=10.

{
I
B ]
Loa T ¥oB wavE-LEners (A) E Cone. of int.
| complex as
! anlenlated.
a170 | 2800 | 3645 | aso7 |
M/2000 U -] 25 56 -8 2
M acid v e -1 E] &
M/2000 U +M acid mixtore .| 35 90 | 1.0 455 %10
 oslo. ol -8 92 | 1-0%
M5 acid .05 a1
M/2000 U + M/6 soid mixture... | 30 | 75 5] 12 | -33 x10"
B cale. | -2 -78 s5] 18
M/10 acid N 05
M/2000 U + M/10 ecid miztore | 30 | -7 s | 1-05[ 35 x18°
E cale. -80 7 5| 106
M/20 acid
. M/2000 U + M/20 noid mixtare | -25 | -85 -7 -9 | 8510’

B esle. .88 ! -7 -9
M50 acid N
M/2000 U + M/50a0id mistare o | -6 -85 .80 | -088x58"
B cale. -ay @ -85 80

10
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In calculating the values of E for the various mixtures K has
been assumed to be 10 in all the cases and E;,[ given the following
values for various wave-lengths—

A - 2770 2600 2545 2507

E = -10x 10% +80%10* =30 x 10° -80x10*
M

With M/1000 conc. of urany! nitrate and varying cone. of formic
acid, extinction coefficients could be m-asured for higher wave-lengths
and the observed values of extinction coefficients for mixtures could
be reproduced by assuming K=10 and

A - 2961 2770 2600
B, = «08x10° +10x102 ~90 % 10°
TasLE II.

M/2000 Uranyl nitrate (U) and Acetic acid (A); K=6.

Lue.—lf FOR WAVE.LENGTH (A) Cone. of int
] . ol
complex g‘l) a5
o0 | oma8 | 2800 | o954k caloulated.
M/2000 U 28 ) g1 6
E4M acid -1 ‘2 -8 -4
Mixbure -75 1-0 1:45 48 x10°*
E cale. T4 1-01 1-45
M acid ‘1 1
Mixture 4 | T 12 140 420 x10°*
£ esle. 6 i -75 1-18 1-39
M/2 acid . 05
Mixtare -55 7 1-0 1-23 -875x10°*
B cale. 56 7 1:02 1-25
M/10 acid -
Mixtare -4 5 80 9 <188 210" °
K cale. -4 -5 79 -9
M/50 acid ' on e
Mixture -3 -85 -60 -0 Q58 x 1072
E cule. w29 ) -85 63 -68 —
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In caloulating the values of E* for the various mixtures K has

been assumed to be 6 in all the cases and E;“ given the following

values for various wave-lengths—
A - 2770 2722 2600 2645
B - 41 x 103 *53 x 10* *§3x10* -80x10*

With M/1000 cone. of uranyl nitrate and varying cone, of acetic
acid, extinction coefficients could be measured for higher wave-lengths
and the observed values of extinetion coeff. could be reproduced by
assuming K=0 and

A = 2061 2770 9729 2600
By = 20x10°  *40x10°  -54x10%  -84x10%
Tasre ITI,
M/2000 Uranyl nitrate (U) and Propionic Acid (A); E=4,
Loe %'- FOR WAVE-LENGTH (A)
2 calculated.
2770 2600 2545 2507
M/2000 U " 25 "85 6 7
M/b ecid . '1 16
Mizture - 55 1-10 125 . ‘29 x 10-*
B cale. 54 1-11 126
M/10 acid e 05 ‘1
Mixture 45 80 100 12 143 x 10~?
E cale. 44 91 10 12
M/20 acid e -
Mixtare w| 35 75 *80 *95 "083 ~ 107
B cale. -36 76 81 ‘93
M/50 acid o
. . 088 s
Mixzture -8 66 70 8 x10°
E cale. .| -8 64 69 8
¥/100 2cid o - 101008
. 5 *! x
Mixtore 25 6 65 7
B cale, N G ‘85 16
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In calculating the values of 1, K has besn sssumed to be 4 and
the following values of Eﬁ given—
A = 2770 2500 2545 2507
E, = ‘86 x 10° 1'26x10*  1'26x10* 1°39x10%
With M/1000 cone. of uranyl nitrate and different conc. of pro-
pionic ncid, extinction coefficients could be measured for higher
wave-lengtha and the observed values of E could be reproduced by
assuming K=4 and

A = 2061 2770 2600
E" = "84 x10° *68 x 10° 123 x 102
TasLE IV.

M/2000 Uranyl nitrate (U) and Ozalic acid (A); K=115.

1.
Loef’. . FOR WAVE-LENGTH (A) :
« calcalated.
3364 3274 2961
M/2000 U e 15
M/10 ecid 1 ]
Mixtare o 25 6 1 ‘460 x 10-*
E cale. . ‘24 8
M/20 ncid 05 0’3
Mixture ‘25 55 l 140 "426 x 10°*
E cale. ‘22 - 52 i 187
|
M/40 scid T
Mixture .- '20 ' 4 : 11 ‘371 x10-2
E cole. ol 4 e
M/100 acid o - :
Mixture ‘15 3 ' ‘75 *986 « 10-*
E cale. ‘14 8 [ 78
. 1
1
M/200 acid ;
Mixture I | 9 ! 56 *182 x 102
E cale. ‘1 ) I 55
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In calculating the values of E, K has been assumed to be 115 in
all the cases and the following values E;ﬁ given—

A - 3864

E - 27 x10°

8274
*5b6 % 10°

2961
1-08 x10°

With M/1000 conc. of U and different conc. of oxalic acid B could
be measured for higher wave-lengths with K=115 and

A = 38435 3384
Eu = "145 »10? a7 x 103
TasLE V,

M/2000 Uranyl nitrate (U) and Malonic acid (A); K=80.

3274
56 x 10*

2961

1-08 x 10*

1 Lcoi—:- FOR WAVE-LENGTH (A).

= calculated.
, 2961 2710 2792 2600
M /2000 U ‘15 25 -3 66
M/10 acid -
Mixture 35 ‘85 11 44 % 10°*
E cale. ‘86 ‘86 11 s
M/20 acid
Mixtare ‘35 K:] 10 4 x10-2
E cale. 34 ‘8 10 e
M/40 acid -
Mixture 30 70 ] 33 x10°®
E cale. 31 *TL 9 -
M/100 aeid .
Mixzture 25 55 7 125 "33 %10~
Ecsle. -26 56 7 1-a5
M/200 acid .
. -3
Mixftare 20 45 65 10 143x10
E cale. ‘31 *45 '66 1°0
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In calculsting the vulues of E, K has been sassumed to be
80in all the cases, and the following values of E; for various
wave-lengths given—

A - 2961 2770 2722 2600
Ey = ‘34 x 10* *69 = 102 90 x 10? 160 x 10*

With M/1000 cone, of U and different cono. of malonic acid the
following value of Eﬁ reproduced extinetion coefficients for various
mixtures with K = 80. '

A - 3274 20681 2770
Eu = "13 x 102 22 x 10° ‘69 x 10?
TasLE VI,

M/2000 Uranyl nitrate (U) and Succinic acld (A) ; K = 504

Loci:—" FORE WAVE-LENGTH (A)
z calculated.
2770 2500 a545 2507
M/2000 U *25 *55 6 7
M/10 acid ‘05 ‘1
Mixture 50 1°00 11 14 416 = 107"
E cale. 47 97 107 14
M /20 acid 06
Mixtare *46 ‘80 *95 125 *357 = 107*
E cale. ‘44 ‘gl 98 1-23
/40 acid
Mixture 40 "85 *90 11 277 % 107*
E cule. 89 83 ‘88 11
M/100 acid
Mixtore *36 70 785 ‘95 166 x 10*
E pale. 34 73 - 04
M/2C0 ecid
Mixture 8 66 7 "85 *100 = 107°
E cale, k'] 65 7 84
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In caleulating the values of E, K has been assumed to be 50
and the following values of E:‘ given—
A = 2770 2600 2545 2507
Ey - 28 x 10° 58 x 10° 568 x 10° 75 % 103

With M/1000 cone. of U and different concentrations of sucecinic
acid E could be measured for higher wave lengths with K=50 and

A = 8974 2061 2770 2600
B~ ‘18 = 10* 21 x 10° 30 x 10* ‘63 x 108
TapLe VII.

M/2000 Uranyl nitrats (U) and Glycollic acid (A); K=15.

LoeI—" FOR WAVE.LENGTH (A).
| 2 celeulated.
2770 2722 l 2600 2546
M/2000 U e 25 '8 b6 ]
M/5 acid 8 ‘8 3 -85
Mixture 85 11 146 378 = 10
¥ cale. 8 11 1'46
M /20 aeid *06 08 05 1
Mixtore 45 ‘85 96 12 ‘214 x 10™°
E cale. 44 ‘64 96 12
|
M /50 acid
Mixtore 85 45 b ‘90 ‘115 = 10-*
E cale. -84 45 ‘T4 86
M/100 ecid
Mixture ‘8 40 ‘65 15 ‘065 x 10°*
E cale. ‘3 '89 ‘85 ‘75
M /200 acid
Mixture *2b 36 60 ‘70 ‘036 x 10~*
E cale. a8 35 ‘61 68
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In calculating the values of E, K has been assumed to be 15
and the following values of E; given—
A = 2770 2723 2800 2546
B, ‘41 x 108 67 x 10° ‘2x10* 115 x 10

With M/1000 cone. of U and various cone. of glycollic acid E oould
be measured for higher wave-lengths with K = 15 and
A = 8274 2961 2770 723 2600

EBy= '18 x 10® ‘17 x10* ‘40 x 103 ‘63 x10* ‘82 x 108,

TasLe VIII.
M/2000 Uranyl nitrate (U) and Lactic acid (A); K = 10

Loa :;—'. FOR WAVE-LENGTH (A).
= calculated,
2961 2770 2600 2545
M/2000 U [ ‘15 l 25 ‘55 K
M acid ]. ] 4 K]
Mixiure . 40 ‘ 10 e . 455 % 103
, 1
E cale. ‘43 10
I
M/5 acid ! 05 ‘1
Mixtare e f 86 | 65 135 1'5 *380 x 10~
E cale. 35 | ‘65 196 | 15
i {
|
M/10 acid 05
Mixture s 3 65 105 1-35 *260 x10~2
B cale. 3 °55 1°05 125
M /20 scid
Mixture 25 ‘45 80 10 *165 x 10~2
R calc. 25 45 ‘88 10
M/50 acid
Mixtare 2 "85 70 8 083 % 10~*
E cale. e ‘2 35 71 '8
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In caleulating the values of B, K bas been assumed to be 10
and the following values of B given—
M
A o 2081 2770 2600 2845
Ex 80 x 10°* 60 x 10 100 x 10 1°20% 103,
With M/1000 cone. of U and differsnt cone. of lactic scid E eould
be measured for higher wave-lengths with K = 10 and

A = 8974 2061 2770
Eu - *21 x10° 80 x 10* 60 x10%

TasLe IX.
M/2000 Utanyl nitrate (U) and Tertaric acid (4); K = 20,

D 1,
Looi-' FOR WAVE-LENGTH (A).

. z calculated.
2%l | a0 2600 2545
[l
1
M /2000 U "15 a6 55 6
M/10 seid 1 =t
Mizture 45 ] 146 38 x10-*
E cale. ‘45 84 144
M/20 acid 1 08 -0
Mixture -85 56 i 1-20 145 *35 x 108
E oale 37 -54 | 1119 145
M/40 acid
Mixture 8 *46 95 115 165 x10-*
E cale 3 44 ‘84 118
M/100 acid
Mixture 20 ‘385 75 85 083 x 10-*
E cale. 22 ‘86 76 -87
M/200 acid
Mixtare 20 '3 ‘68 75 046 x 1072
E osla ‘19 9 66 75

11
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In caleulating the values of E, K bas been assumed to be 20 and

the following values of E: given—

A - 2081 2770 2600 2545

E" - 44 %10 58 x 102 1°18 x 10° 180 x10*

With M/1000 conc. of U and different cone. of tartaric acid E could
be mensured for higher wave-lengths with k=20 and

A - 8864 9374 2061 2770
Eu - ‘30 x 10° ‘45 x 10® 45 x 10* ‘60 x 10
TasLE X,
M/2000 Uranyl nitrate (U) and Mandelic acid (A); K=50.
Toa ;—"’ FOR WAVE-LEMGTR (A). Cono. of int.
] complex as
sare . 996l 2770 2722 caloulated.
|
M/2000 T .15 -5 T
M/10 acid ‘4
Mixture 25 66 126 *416 = 10-?
R calo. -85 85 1-25
M/20 acid -2 1-5
Mixture 20 *50 95 . 857 x10~?
E cale. 21 49 ‘98
M /50 acid ‘05 6
Mixture ‘15 ‘40 ‘65 a6 x107*
E ecale. o ‘15 39 ‘86 ves
M/100 acid s 8
Mixiure 1 8 5 190 '185 %1073
E cale. 1 8 5 98
M/300 acid ‘15
Mixture - er a5 40 85
- 10—]
E cale. 24 -89 ‘68 10
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In calculsting the values of E for the various mixtures, X has
been assumed to be 50 in all the cases, and E: given the following

values for various wave-lengths—
A = 8274 2961 2770 2722
Eu’ - '80 x10* ‘48 % 10° ‘72x10° 115 x 10°*

With M/1000 conc. of uranyl nitrate and varying come. of
mandelic acid, extinction coeff. could be measured for higher wave-
lengths and the observed values of extfinction coeffs. for mixtures
could be reproduced by assuming K=50 and

A = 3435 3364 3374 2961 2770

E' = 15x10° 24 x 10° ‘90 x 10° 48 x10? ‘71 x10®
Certain regularities have been found between the values of dis-
sociation constant (K) of intermediate complex formed by the
combination of uranyl nitrate and organic acid and the constitution

of that acid:
1. In a homologous series the value of K diminishes as we go

higher up the series in a definite ratio for each addition of a (CH,)
group—

Formic _10_, .50 . Acetic 6 _ ...
Acefic 8 18 Propionic 4 v8;

Oxslic _ 115 =1'45; _Malonic _80_ ..

Malonic . 80 Succinic 50

2. The value of K increases about 12 times as the hydrogen
atom of a (CH,) group is replaced by & (COOH) group—

Oxslic _ 115 _...., Malonic _80_1gq.g. Buccinic _50_,,.
Formic ~ 10~ 53 Acetic 6 18°8; Propionic 4 12°5.

8. In the case of monobagic acids, replacement of & hydrogen
atom in a (CH,) group by (OH) group increases the value of disso-
ciation constant 25 times.

Glyeollic _16_g.5. _ Lactic _10_g..
Acetic 6 ' Propionic 4] -
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Investigations on the behaviour of aromatic acids in presence of
uranyl nitrate could not be carried out as these aromatic acids are
sparingly soluble in water and their extinction coefficients in near
ultraviolet have very large values.

Investigations are in progress with a view to find out by this
method if the photochemical oxidation of organis acids by ferric
salts is preceded by the formation of an intermediate compound.
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