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It is well known that almost all organic acids undergo photo
chemical decomposition. in presence of uranyl salta. The general 
mechanism of this photo-chemical reaction is noh yet definitely 
ettled, and this investigation was undertaken with the object of 
elucida~ing this problem. 

Victor Henri (Oompt. rend., 1914, 158, 181) has already 
observed that the extinction coefficient of mixtures of oxalic acid 
and uranyl salts in aqueous solution for wave-lengths in the 
ultraviolet is greater than the sum of the e:.:tinction coefficients. 
of· these solutions for the same radiation taken separately. No 
systematic work, however, has been done in the subject, and no 
cleB!' explanation of this phenomenon has been offered. 

If we accept the theory thah a change in colour is due to a 
ohange in the nature of the molecular species, then it is not 
difficult to obtain a simple and quantitative explanation of this 
exaltailion in the value of the extinction coefficients. Let us 
assume for the sake of simplicity that one molecule of ura.nyl 
nitrate (U) may combine with one molecule of an organic acid (A) 
to give us one molecule of. the intermediate complex (M). Then 
applying the law of mass action, if z be the concentration of the 
intermediate complex, and U 1 and A.1 the initial concentration of 
uranyl nitrate and of the organic acid respectively, 

(I) 

At the same temperature the value of K should remain constant. 

Let E~, E~ and E~ l:ie the molecular extinction coeffeienta for 

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

where l is length of the solution through which light passe•• 
For other dilutions, 

and [u.- :c, J 

and l are experimentally measured magnitudes. 

A 
There are thus four unknown quantities :c , :c , K, and E...,, 

1 9 .w. 

(4) 

and four equations, and hence their values can be determined. For 
any other wave-length, 'A', since the value of E" always remains the 
same, ;c can be easily calculated from equation (1) and therefore 
from a. single mea.surement of extilletion coefficient of mixture and 
of the components aepara.tely, it is possible to calculate the value 

A' 
of EM, as will be clear from the following equa.tion. 

EA' = E~ [ U-z] + E~ [ A-~o.] + E~ [ z J 
From the ta.bles given in the paper it will be seen that the 

experiment&! data of extinction coefficients of mixtures in moat 
cases can be quantitatively explained-

(!) on the basis of an eq~ilibrium in solution between the uranyl 
salt and organic acid as reactants and an intermediate complex 
formed by the loose combination of one molecule of each of the 
reactants, and 

(2) on the a.ssumption of a definite value of molecular extinc-
tion coefficients for each wave-lengbh for the intermediate complex so 
formed. 
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EXPJ&ltiMBNTAL. 

The uranyl nitrate and the acids were carefully purified in the 
laboratory, and the extinction coefficients were measured with t'be 
aid of rotating sector photometer of Adam Hilgel' in conjunetion 
with their quartz spectrograph. 

Though the photographic density of the two spectra. in ju:dapoa:i· 
tion can be compared fairly aecmrately still the prob&bility of error 
in the ve.lue of the extinction coelicients ill certainly ± "' '- . 

The length of the tube containing the solution was 2 em. in all 
the cases. 

TABLB I. 
M/200~ Uranyl Ditrate (U) and Formic Acid (A)t K=lO. 

I 

Look I, I'OB 'IU.VB-LiillliiTB (A) !c-. otint. 
1 complez u 

9770 I !a&OO I 9646 I 9807 
i calculated. 

K/11000 U ... ... ~~~ ·8 •7 . ..... 

'M: acid ·9 ·6 ... . .. ... •1 

K/11000 U + M acid mixture -· ... ·86 •90 1•05 . .. ·45Sx10 

E oa.lc. ... .. •84 ·9ll 1·07 . .. 
- :- ---1---

M/6 a.cid ... ... .. . . .. ·OS •1 

H/11000 U + M/6 a.oid mixture ... •30 ·16 ·85 HI ·88 -· •10 

l!l calc. ... . .. ·Sl! ·76 ·85 1·8 

- ··- ---
M/10 acid ... ... . . .. . ... ·05 

:U: /2000 U + M /10 acid mixture -· ·SO •7 ·16 1·05 •91i xlO 

E calc. ... . .. •80 . ., ·'16 1·05 

--- -
M('Ml acid ... ... . .. ... . .. . .. 
M/2000 U + lof/liO acid mixture ·9$ ·IllS ·7 ·9 -· •166 xlO 

Beale. ... ... ·98 •63 ·'I ·9 - ------
M·/30 acid ... ... ... ... . .. . .. 
II /llOOO U + II /SO aoid mizturo ·116 ·6 •611 ·80 -· ·083•50 

B calc. ... . .. ·97 ·6 ·65 ·80 

-
10 
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In calculating the values of E for the various n1ixturea K has 
been assumed to be 10 in all the oases and E~ given the fc.llowing 
values for various wave-lengths-

A 2770 geoo !184o !150'1 
E ·10 xl05 ·30x 105 ·SO x10' ·60 xlO" 

I( 

With M/1000 cone. of uranyl nitrate nnd varying cone. of fonnio 
acid, extinction coefficient!; e1ould be nPnsured lor higher wn.ve-lengtbs 
and the observed values of extinction coefficients for mi:J:tures could 
be reproduced by assuming K =10 and 

A !!961 !!770 !!600 
·06 •10° ·90 "10° 

TABLE II. 
M/2000 U1·an!ll nitrate (U) and .tloetio acid (A); K=6. 

I 
Loo.-r; I'OR WAVB·LBNGTH (A) 

2770 1 

_~_;_~-----~-----_--.-_.l-- ·25 1 

f4M acid 

Mixture 

E calc. 

lll acid 

MU:ture 

E calc. 

M'/llacid 

Mixture 

E calc. 

M/10acid 

Mi:xture 

E calc. 

M/1!0 acid 

Mixtlll'e 

·1 

•75 

·74 

... 
·6 I 

I 
I 

•6 i 
... 
·55 

·56 

... 
·4 

•4 

---
... 
·3 

979!1 I !!600 I 2541! 

·3 

-±1 
·6 

·I! ·4 

1·0 ... 
1·01 1·45 ... 

... •1 ·1 

·1/i 1·!! 1•40 

·75 1·19 1•99 

. .. ·05 

l·O 1·2:1 

1•0!1 1·25 

... ... ... 
·5 ·so ·9 

·5 •79 

-
. .. ... 
·35 -60 

-· 

Cooc. of iot. 
complex (x) •• 

calculated. 

·058" 1o·• 11 ·Gll ___ E=..;:c_lll~c_. ___ ... _-"- _ -~- -·~L .. .L..-~~-+--~-l-----
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In caleula.t.ing the values of EA for the various mixtures If baa 

been assumed to be 6 in oJl the oases and E~ given the followiDIJ 
values for various wave-lengths-

A 11770 2729 2600 25.5 

B -Jo[ 
·&811 10° 

With M/1000 cone. of uranJl nitrat.e and varying cone. of acetic 
acid, extinction coemcients could be mes.sured for higher wave-lengths 
and the observed values of extinction coeft. could be reproduced by 
assuming K=6 and 

2961 
20 "10" 

2770 
•4()1c 10' 

TABLB III. 

2729 9600 
'04 II 101 •64, X 101 

M/2000 Uranyl nitrate (U) and Propionic .Acid (A); K =4. 

I "'' f:- •. ~ .. -w 
i ---;~- 1 !6011 1 11645 1 2507 

Ill calculated. 

M/2000 U ... '1!5 '56 ~ "7 

'M./6 acid ... ... ... '1 '15 

Mixture ... ·65 1·10 1'1!/J ... '29M 1o-• 

E calc. ... •54 1·11 1"9& .. . 

'M./10 acid ... "' ... "05 '1 

Mixture '" •45 I ·90 1'00 1"2 'l48xlo-• 

E calc. ... ·« "91 1"01 1"9 

---
M/20 a.cid ... ... ... ... ... 

Mixture •35 •75 ·so '95 ·oaa "to·• ... 
E calc. •36 j ·76 '81 '93 ... 

M/50 acid ... ... ... ... ... 
·8 ·65 '70 '8 'OS8xto-• 

Mixture ... 
E calc. ·3 ·64 "69 '8 . .. 

I ... 
).{/100 acid ... ... ... "' 

·6 '66 "75 "019 xlo- 1 

Mistnre ... ·25 

·117 'G '65 '75 -E calc. . .. 
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In calculating the values of H, K has been assumed to be 4 and 

the following values of E~ given-
9770 9600 2546 9507 

E
11 

·ee x 10• 1"26 •10" 1"96 x to• 1'39 x to• 

With M/1000 cone. of uranyl nitrate and different cone. of pro
pionic ncid, extinction coefficients could be measured for higher 
wave-lengths and the observed values of E could be r!lproduced by 
assuming K =4 and 

9770 li600 
'66 x 10' l'li3 xl03 

TABLE rv. 
M/2000 Uranyl nitrate (U) and O:z:alic acid (A); K=115. 

I 
Looi:· FOR W.t.\~·LliNGTH (~): 

I I 
a; calculated. 

3864 8974 2961 

:M:/11000 u ... . .. 
-

... I '15 

M/tO acid ... ... ·t '6 

Mixture ... '116 '6 ... "460 x to-• 

Ecalc. ... '114 '8 ... 

M/110 meid ... ... '015 i 0'3 

:Mi:dnre ... '!If) 'fiG t'40 '4211 x to·• 
I Ecalc. ... '119 'li2 i 1'87 
I --·-·--
! M/40 acid ... . .. . .. "15 

Midure 00 '20 I 
'4 1'1 '371 x to·• 

Ecalc. ... '19 '4 ! 1'1 

------
' M/100 acid ... ... ... 1 ... 

Millture ... '15 I ·a ' '76 '286 "to·• 
E calc. ... ·u ·a I '73 . -·-1 i---

M/900 acid ... I i ... . .. 
I 

... 
Mixture ... '1 •g l '66 ·1s2 x to-• 
Ecalc. ... "1 'II 

: 
'65 

! 
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In calculating the values of E, K. hns been assumed to be 115 in 

all the oaset1 and the following values E~ given-

1o. 38M 81174 9961 
Ell '117 X 108 'lili" 10° 1'08 X 101 

With M/1000 cone. of U and different cone. of oxalic a.cid E could 
be measured for higher wave-lengths with K=ll5 and 

8435 
'U6 oc10" 

3384 
'97 ><10• 

TABLE V. 

3!!74 
'55 ><101 

M/2000 Uran.yZ nitrate (U) and Malonic aoid (A); K=SO. 

I I. Lear. FOR WAVIil·LBIIOTH (lo.), 

(-;;--r--;770 I I 1171!!1 1!600 

' 
M/2000 U ... '15 '1!5 -3 '55 

M/10 acid ... ... . .. ... . .. 
Mi:r.ture ... "35 '85 1"1 ... 
E calc. ... '86 "86 1'1 ... 

-
M/20 &eid ... ... ... . .. ... 

Mixture ... '35 ·a 1'0 ... 
E calc. ... '34 '8 1'0 . .. 

M/40 &eid ... ... ... . .. ... 
Mixture ... '30 "70 •g ... 
Ecalo. ... '31 "71 ·g ... 

M/100 acid ... ... ... .. . ... 
Mixture ... '25 "55 '7 1"1!5 

Ecalc. 

----~~--1 
'1!6 "56 

I "7 1"95 

M/200 acid ... ... ... 

!!961 
1'08 oc10° 

z calculated. 

'44KlQ-I 

·4 ><1o-• 

·as" 1o-• 

'IJ!l >< 10- I 

.. 

... I r: 'lt3><1Q-• 
Mixture ... "20 '45 1'0 

E calc. "'l "21 '45 '65 1"0 
' -
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In calculating the vuluas of E, K has been assumed to be 

80 in all the cases, and the following values of E" for various 
II( 

wave-lengths given-
" - 9961 9770 9799 9600 
E u - '24 x 10• '69 " 10•. ·oo " 10' 1'60 " 10• 

With M/1000 cone. of U and different cono. of ma.lonio acid the 
following value of E~. reproduced extinction coeffi.oients for variou11 
mixtures with K = 80. 

A 3974. 9961 !1770 
Elll '111 " 101 ·gg x 10• "69 x 10' 

TABLE VI,. 
M/2000 UTa~tyZ nitrats (U) and Buccfnic acid (A) K = 50• 

I I. 

I 
LoG:c I'Oit W.oi.VJ:-LIINGTH (A) 

I I I z calculated. 
9770 9600 9545 11507 

M/9000 U ... '95 '55 '6 
1-·7 

M/10 acid '05 ... ... . .. I '1 
Mixtn:re ... '50 1'00 1'1 1'4 '416 x 1o-• 

E o&lc. ... '47 '97 1'07 i 1'4 
I 

--
M/90 acid ... ... ... . .. '05 

Mixture ... '46 '90 '95 1'26 "367 " 1o-• 

E calc. ... ·u '91 '96 1'93 
·-

M./&0 acid ... ... ... .. . 
Midure ... '40 '85 '90 1't ·211 x to-• 

' E calc. ... '39 ·ea '88 t'1 

K/100 acid ... ... . .. ... ... 
Mixture ... '35 "70 '76 '96 '166 X to-• 

E pale. ... '34 '7!1 • 77 '114 

M/9CO acid ... ... .. . ... I ... 
Mixt.Ul'e ... ·a '66 '7 ·as ·1oo " to-• 

E calc. ... ·a 'Go '7 'M -
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In calculating the values of E, K baa been assumed l;o be 50 
and the following values of E~ given-

A -
11770 9600 !16411 9507 

'liB >< 101 ·sa .. 1o• '53 K 101 '7/1 K 10~ 

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

A - 8974 !1961 !1770 !IGOO 

E -Jl '18 " 101 '21 " 10' 

TABLE VII. 

·sox 1o• '63 " 101 

M/2000 UTanyl nitmte (U) and Glyoollic aoid (A); K=l5. 

Looh l'OR w.a.n:.LBNG:rH {A). ~ 
I----=I:;.:'----,-----..,.\--- aJ ca.lculated. 

2770 27211 2600 21l4.1i 

M/11000 U ···~ ·a "56 '6 

M/5 acid ... ·s ·a ·a 'Sii 

:Mi:~~ture ... '85 1'1 N6 ... '376 " lo-' 
E ca.le. ... ·es 1'1 1'46 . .. 

K/00 a.eid ... ·os "05 'OIS '1 

:Mill tore ... '411 '61i '915 1•!1 "!114 K 10" 1 

E calc. ... ·H '64 '9li 1'la 

M./SO acid ... ... ... ... ... 
Mirture ... •86 '45 '711 '90 '115 K 10" 0 

E calc. ... '34. '4.11 '74 •86 

M/100 acid ... ... . .. ... ... 
Mi:.:ture ... ·s '40 '611 "711 'OM .. to·• 
E ca.lo. . .. '3 '39 '611 •711 

K/900 a.eid ... ... I ... ... ... 
Mi:~~ture ... '21i ·as ·60 •70 '0311 .. to·• 
E ca.lo. ... '28 86 •61 '68 
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In calculating the values of E, K has been assumed to be 15 

and the follo\ving values of E A given-
M 

A • 9770 

·n "10• 

11729 

'67 " 101 

2600 2645 

'82 x 108 1"11! >e 101 

With 1\1/1000 cone. of U 11nd various cone. of glycollic acid E could 
be measured for higher wave-lengths with K = 15 and 

A 81174 1!961 2.770 !172fa 2600 
'18 "108 '17 "10 1 '40 "10' '61!>< 10" 'Bl! "108

' 

TABLE VIII. 

M/2000 Uranyl nitrate (U) and l-actic acid (A); K = 10 

Loo!! 71'08 WAVII-UNG:rB (A), I I, 

I I I 
.: calclllated, 

!1961 2770 !!600 2645 

M/2000 U ... I "15 I "!15 I "55 I "6 

I i I 
I M acid ... ! ... 

J 

'!I '4 '5 

' 
I 

Mixture ... '40 1"0 . .. . .. " 
,.. 455 10 

E calc. '411 1"0 

M/6 acid ... . .. I . .. i '05 '1 ' 
Mixture ... ·s& ! '65 1"2ii 1"5 ·aao" 1o-• 

Eca.Ic. ... '35 i "65 1'116 I 1'5 
; t 

I I 
! 

M/10 acid ... ... 
I 

... . .. 1l5 

Miature ... ·a I '55 1"05 1"!ali ·fa5o" 1o-• 

Ecalc. ... ·a I '55 1'05 1'25 

M/20 acid ... ... . .. ... . .. 
Miztore ... '115 '45 '90 1"0 '165 "Io-• 

E calc. ... •g:; "45 ·as 1'0 

M/60 a.cid ... . .. . .. . .. . .. 
Mid ore ... ·SI '86 '70 '8 ·oss "1o-• 

E calc. ... '!I '35 '71 ·s 
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Iu calculating the values of E, K bas been assumed to be 10 

and the following values of E" given-
II 

1.. - 2961 11770 11600 
·so" 10• 110" to• t·oo x to• l"ll(hc 10!. 

With M/1000 oono. of U and different cono. of lactic acid E could 
be measured for higher wave-lengths with K = 10 and 

1.. - 397 4 111161 2770 

E -II 
"!11 x10 1 ·aox to• ·eox1o• 

TABLE IX. 

M/2000 UranyZ nitrate (U) and Tartaric aoid (A); K = 20. 

! I. ) Loof, Foa w•vs-Lli!IIGTs (". 

I I 
s ca.lcula.Hd. 

11961 i 2770 !!600 2645 
i 

I ! 
M/11000 U ... "15 "116 "65 "6 

M/10 a.eid ... ... ... "1 "1 

M.ix\ue ... "46 "66 1"46 ... ·as •1o-• 

E ce.le. ... "45 "M 1"M .. . 

I 
"06 "05 M/110 acid ... ... ... 

i 
Mixture "35 "56 I 1"110 t·45 "llli xto·• ... 

I 
E oalc ... "37 "S4 I 1"19 1"4.'! 

M/40 acid ... ... ... ... . .. 
Mixture ... ·a "46 "95 1"16 '165 •to·• 

Eoalc ... ·a ·u "94 1"18 

I 
M/100 acid ... ... ... ... ... 

"20 '36 '75 115 ·083 x to·• Mixture ... 

'29 ·a5 "76 ·8'1 E calc. . .. 

M/1100 acid ... ... . .. ... ... 
·a "65 ''15 ·045" to·• 

Mixture ... ·11o 

'19 ·s •65 •75 
E o&lc. ... 

11 
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ID calculating the values of E, K has been aasuJDed to be 20 and 

the following values of EA given-
ll 

A 9961 lil770 lii600 lii64Jl 
Ell '44" 10" '58 X 10° 1'18" 10° 1'80" 101 

With M/1000 cone. of U and difterent cone. of tartaric acid E could 
be measured for higher wave-lengths with K =20 and 

A 8864 85174 11961 51770 
·aox to• '415 .. to• '41ixl01 '80x101 

TABLE X. 
M~ UrtJnylnitTtJte (U) 11nd Mandelic acid (A); K=50. 

I I 

I LCJG i'· roB W-'VB•LI:IIGTB (A), 
Couo. of iu\. 

I 
I I I 

complex •• 

35174 2961 51770 !il7!il!a cal011lated. 

I 

M/51000 U ... ... .u; ·Iiiii ·a . ...... 

ll'/10 acid ... ... ... •4 ... 
MiJ:ture ... •Iiiii ·55 1·515 ... '4lli:oc lo-• 

E o.to. ... ·Iiiii ·llli l·!illi . .. 
M/510 aeid ... ... ... ·II 1•5 

Miztare ... '110 '50 '95 ... '867 xto-• 

E c.tc. ... 'Ill '49 '96 ... 

11:/ISO !Mlid ... ... ... 'Oil '6 

Ki.zture ... 'Ill '40 '61i ... ·ali •to-• 

E c.tc. ... '16 '89 '66 . .. 
M/100 !Mlid ... ... ... . .. '8 

Mizture ... 'l '8 ., 1'00 '165 "to-• 
E calc. ... ·t '8 '6 '98 

M/1100 acid ... ... . .. ... 'liS 

:Ui:l:ture 

:::I 
... '511.1 '40 '66 

E c.tc. 
·tO" to-• ... '114 '89 '88 



EXTINCTION COEFFICIENTS 365 

In calculating the values of E for the various mixtures, K has 

beell assumed to be 50 in all the cases, and E~ given the following 

values for various wave-lengths-

A 8974 9961 9770 

·sox 101 "48 "10° "7lfx 10° 1"1/S X 10° 

With M/1000 cone. of uranyl nitrate and varying cone. of 
mandelic acid, extinction coe.ff. could be measured for higher wave
lengths and the observed values of extinction coelfs. for mixtures 
could be reproduced by assuming Jf1=50 and 

A 8436 3364 8974 1!9fll 9770 

El( = "16 X 10° "94 X 10° ·sox 10• '48 x10 1 '71 x108 

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 
ol 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 .!Q .. l"B6; Acetic =2. _1.6; 
Acetic 6 Propionic 4 

Onlic = 115 = 1•46 ; Malonic .., ~ .., 1•6• 
lllalouic 80 Succinic 60 

2. i'he value of K increases about 12 times as the hydrogen 
atom of a (CH1 ) group is replaced by a (COOH) group-

Oxalic = 115 =ll"li. 
Formic 10 ' 

Malonic =~=lS"S ,· 
Acetic 6 

Bo~ni~ -~ ... 19•6• 
Prop1on1o ' 

3. In the case of monobasic acids, replacement of a hydrogen 
atom in a (CH1 ) group by (OH) group increases the value of disso
ciation constant 2"5 times. 

Glycollic -:l:!!-g·5 • Lactic .,.!Q=g·6 
Acetic "6 ' Propionic 'I · 
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Investigations on the behaviour of a-romatic acids in presence of 
uranyl nitrate could not be carried out as these aromatic acids are 
sparingly aoluble in water and their extinction coefficient& in near 
ultraviolet have very large valuea. 

Investigations are in progress with a view to find out by thia 
method if the photochemical oxidation of organic ooids by ferric 
salts ia preceded by the formation of an intennediate compound. 

'l'BE CHII:MIC.IL LABOK4To•Y, 

UNI'I'BBSITY OJ' DACCA. 

Bllllaitletl AprillD, 199'7. 


