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SPECTROPHOTOMETRIC STUDIES ON FERROUS COMPLEXES OF
QUINQLINE- AND PYRIDINE-CARBOXVLIC ACIDS. PART III.
FERROUS DIPICOLINIC ACID AND FERROUS QUINOLINIC

ACID SYSTEMS

By BIRESWAR BANERJEE AND PRIVADARANJAN RAY

Highly soluble coloured ferrons complexes of dipicolinic and quinolinic acids have been
studied by spectrophotometric method. The ferrous complexes of some other pyridine di- and tri-
carboxylic acids with a carboxyl group in the e-position to the nitrogen etom heve also been
studied in a qualitative manner. ’

Ferrous dipicolinic acid complex shows its maximum colcur intensity between ps 5 and 7 and the
Amsx At 480 mp. The intensity of colour, however, decreases in the presence of- KCN or pyridine.
The colour system obeys Beers law, and its composition fa given by 1 Fex : gz acid, with an
instabilitv constant, 1.85 x 1077, )

The soluble coloured complex of ferrous quinolinjc acid has been found to give its wmamimum
colour intensity between #n 5.7 and 7.0 with Amex at 420 mg, and the colonr is Intensified with the addi-
tion of KCN, and to some extent with pyridine. The Ames for cyanide-containing system lies at 440 mg.
The colour system with or without the cyanide obevs Beer's law under specified conditicos.
The cowmposition of the complex is represented by 1 FeW: 3 acid with an jnstability constant

of 3.47 X -1,

In the previous papers (Parts I and 1I, this Journal, 1958, 35, 297, 403) the formation
of ferrous complexes with quinaldinic acid and picolinic acid has been studied by
the spectrophotometric method. ‘The resulls of studying the ferrcus complrxes of
.dipicoiinic acid and quinolinic acid and also of other pyridine di- and ¢ri-
carboxylic acids with at least one carboxyl group at the a-position to the nitrogen
atom of the pyridine ring, are reported in the presept communication.

The composition of ferrous dipicolinic acid (pyridine-z : 6-dicarbexylic acid)
complex from spectrophotometric ineasurements, following Job’s method, is given
by r Fe: zacid. The complex may therefore be represented by the following
configuration, where the acid molecule behaves as a tridentate ligand.

-

r 0=Cc—0 O0—C=0
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The value of lhe_ instability constant of the complex was found to be 1.85x 10”7,

Quinolinic acid (pyridine-2 : 3 dicarboxylic acid) was found by Job's methed to
combine with ferrous ion yielding a complex of ithe compoeition 1 Fe:3 acid. It can
therefore possess an octahedral configuration as shown below :
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Each acid molecule here behaves as a bidentate ligand’ witli” one of its carboxyl
group remaining free. The value of the instability constant for the quinolinate complex
was found to be 3.47 X 107%,

Pyridine-z : 4- and 2 : 5-dicarboxylic acids and pyridine-2:4:6-, -2:3:6- and
-2 : 4 : 5-tricarhoxylic acids have all been found to furnish yellow' to red ferrous
complexes. Like ferrous gquinaldinate and picolinate, the colour of the ferrous
comnolexes of all the above mazntioned pyridine carborylic acids, with the exception of
thase of dipicolinic acid (z : 6) and collidinic acid (2 : 4 : 6), is highly intensified by the
addition of potassium cyanide solution and also to a considerable extent by pyridine.
As in the case of picolinic acid, the part played by potassium cyanid2 in inteusifying the
colour of the soluble ferrous complex possibly lies in the formation of a cyano complex
in which a molecule of the pyridine di- or tri-carboxylic acid in their coloured complexes
is replaced by an equivalent nuinber of c¢yanogen groups. They, thus, form anionic
complexes, the colour intensity of which increases with an “increasing amount of KCN
and then finally reaches to a constant maximuin value. In all these cases the absorption
Inaximum remains practically unaltered.

It is, however, of striking interest to note that in the cases of dipicolinic acid and
collidinic acid, the colour of the ferrous complex, in contrast to the behaviour of the
ferrous complexes of other pyridine carboxylic acids, is considerably reduced in intensity
by the addition of an excess of potassium cyanide-

EXPERIMENTAL

A Unijcam SP 600 spectrophotometer and a Cambridge Bench Tyne pa meter were
used in this work. The reagents used were all of guaranteed quality.

Dipicolinic, quino'inic, collidinic and pyridine-2 : 3 : 6-tricarboxylic acids wer:
prepared by the permangapate oxidation of 2 : 6-dimethylpyridine, quinoline, collidine,
and quinaldinic acid respectively (Ladenburg and Roth, Ber., 1885, 18, 52; Konigs,
Ber., 1879, 12, 983 ; Voigt, Annalgn, 1885, 228, 31; Miller, Ber., 1891, 2%, 1016).
Lutidinic and isocinchomeronic acids were prepared by the permanganate oxidation
of a mixture of 2:4- and 2 : 5-dimethylpyridine and thun by subsequent separalion of
the two acids (Ranerjee and Réy, this Journal, 1957, 3%, 208). Pyridine-2: 4 : 5-tricarbo-
xylic acid was prepared by the oxidation of berberine with nitric acid (Weidel, Der.,
1879, 12, 410).
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Ferrous Dipicolinic Acid System

With dipicolinic acid iron (II) forms a highly secluble yellow coloured comhplex with
its absorption maximum lying in the region of 480 mp. The optimum px for the
maximum colour formalion ranges between 5 and 7. Ualike picolinic or quinaldinic
acid and some other pyridine carboxylic acids, the colour iutensity of the dipicolinic
acid comnplex diminishes wiih the addition of potassium cyanide or pyridine. The
maximum colour [ormmation ulso requires some time, at least a period of 3o minutes at pn
6.4 and above. ‘The colour is quite stable and remains unchanged for 24 hours at room
temperature. At least one and half times the theoretival quaniuty of dipicolinic acid
is required for the maximum development of colour. The coloured complex obeys
Beer's law and the semsitivity is givem by o.044yFe/uin? (Sandell, ‘‘Colorimetric
Determination of Traces of Metals’’, Tnterscience Publishers, New York, 1950, p. 47).

Wave-length of Absorplion Maximum (Amss).—The same procedure, as described
before (cf. Part 1, loc. cil.), was followed. The reagent and the Fe" blank separately
showed practically no absorption within the range of measurement. Fig. 1 shows the
optical density values of the coloured complex at different wave-lengths. It should be
noted that all measurements were made after one hour since the time of mixing the
solution, when the colour was fully developed. Froin Fig. 1, it can be concluded that
Amnx for ferrous dipicolinic acid system lies at 480 mp.
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Wave-length (mu). Ye (p.p.m.),
Ferric nitrale :50 p.p.ni.i 10ce. FFerric nitrate (50 p.p.m. Fe), x c.c.
NHOH.HCI (5%}, 5 c.c. NH4OH_HCI (5%). %l:c
Dipicolinic acid (o 25%), 10 ¢ c. Dipicolinic acid (0.a5% ", 16 c.c.
Total volume, 50 c.c. Total vul, s0cc. e
Cell used, x cm. pn, 6. Cellused, 1 cm. 48omu. $np, 6.

Beer’s Law.—The coloured complex obeys Beer's law. This is evident from
the optical demsity values shown in Fig 2.
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Composition of the Coloured Complex of Ferrous Iron and Dipicolinic Acid.—
The coinposition of the coloured complex was determined by Job's method at p= 5.99
as in the case of ferrous picolinic acid system. The results of peasurements are shown
in Big. 3 (a, b). Itis clear that the composition of the complex is represented by
1 Fe: 2 acid.

6. 3

3

/(_\M'\’

s [ E T aite Iy T

Fell : reagent —>-

{a) Ferrons amm. snlphate (0.003M) containing NH;OH.HCIL (1%), x c.c.
Dipicolinic acid {o.005M), y c.c. KNOy (tM), 10 c.c. (added to maintain
constant iomic strepgth). Bufler (599 pu), 18 cc. Total volume,
soc.c. Cell osed, z cm.

tb) Ferrons amm. sulphate (0.002)) containing NH;OH HCl (1%},  c.c-
Dipicolinic acid (0.00aM), ¥ ¢ c. All the other conditions are exactly the
same as for (a).

Insiability Constant of the Coloured Complex.—Thbe instability constant of the
coloured complex can be derived as in the previous cases from its dissociation in
solution according to the equation :

(FeDip.)*~ = Fe* + 2 Dip™”

[Fe**] x [Dip J*
K, = e[(l"eDip,T'l"pT

where H.Dip = one molecule of dipicolinic acid. The values of Dip*" and K. are
calciilated as in the case of the guinaldinic acid complex.
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[Fe™*] {[Dip.] —2 Dip,)*~ 1} )
= [fl:eDip,)’ _—h{-’i‘:. T [HI-T]e}u L O .

The symbols have the same significance as inprevious parts. K,,, the dissocia-
ion constant of (HDip)~, wds determined at 30°, fol'owing the method suggested by
Bjerrum. (‘“‘Metal-aminine Formstion in Agqueous Solulions’’, P. Haase and Som,
Copenhagen, 1941).

K.

D:'ssociatipn Constant of Dipicolinic Acid

The method of its detern.ination consists in the titration of a solution of dipi-
colinic acid with a standard (carbomnate free) alkali and noting the px values of the
solution after each addition of the latter.

The dissociation of a dicarboxylic acid may be represented as follows™s

H,A = H* + (HA) w. (2)
(HA)- = H* + A™ v (3)

where H,A represents a molecule of the dicarboxylic acid. Now for the successive
acid dissociation constants we get

[HA-] x [H*] -
Ko = (ELAT e )
and K., = [A’-[]HZ_#] . e (8
coo- Coo-
where A = (DN and (HA)~ = < >N
~ Coo- COOH

T.et B be the total molar concentration of dipicolinic acid taken, so that
B=B, + B, + B, s - .. (6)

where B., B, and B, are the respective molar concentration of Dip?~, HDip~ and
H,Dip; and let P be the molar concentration of the alkali adde., Then from the
measurementis of the p= of the solution we get,

2B — 2B, — B, — HY = P - QOH" (7)
1Acid nentralised) (Alkali nsed up)

which on transposition gives
2B, + B, = 2B — P -~ H* + OH" (8)

As it is a case of stepwise dissociation, where the amount of acid neutralisec"a is
sssumed to be less than B, the process (2' may be regurded as still incomplete, and
so the amount of B, formed is negligibly small and can be ignored. Then from the
equation (6) we get,

B =B, + B, (9)
8—1970P—11
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Substituting this value of B in (7) we‘ get,

B, =P + H* — OH" e s ane (10)

and hence, B.=B - P - H* + OH" e (1)
So €, = Bux [B*] _ [P+ Hr - oH7] x [HY]

» - B, = [B—-P - H + OH] e (r2)

Again, when the acid neutralised is more than B, process (2) can then be regarded
as complete, and so B; may be taken as negligibly small. Then [rom (6) we get

B = B, + B:I. s . eu ‘13)
and from (7) we get
B, =2B - P - H' + OH"
Hence, B. =P ~-B + H* — OB~ e (rg)
4
Therefore, K, = :Ez—;;—r[-g—]

_[P—-B + H* - OH"] x [H*]
- [2B - P — HF + OH"] - (15)

\

The formation curves for these systems were obtained by plotting 7 against p,
values for each separale observations ; where 7 = average number of hydrogen ions
bound to a fully dissociated ligand anion, i.e.,

- _ ‘Total No. of H* bound
T = Total No. of ligand molecules present

_ 2B, + B, .
- B
It will be clear from eguations (4) and (5) that when 5 = 0.5 and 1.5 respectively,
K., and K., become equal to the corresponding [H*] value. Hence, by plotting
the value of n against $a, the values of K., and K., can be readily obtained.

The results of measurements are recorded in Table I, and the 7/#= curve js

plotted in Fig. 4.
TabLg I

Acid taken = 150 c.c. of 0.004M. Alkali = 0.099gN-NaCH. Temp. = 30°.

B (cone. of the acid Alkali added. 2By + B, + H*. fu. 2By + B,
in moles/litre), —5 =

0.a0397 Ic.c. 0.007328 2.66 1.28
0.00395 2 0.000658 2.78 1.24
0.003922 3 o 00588 2.93 1.20
0.00 4 0 00510 3.10 1.13
0.c03872 5 © 00454 34z 1.07
0.003847 6 0.00385 3-91 0.96
0.003822 7 0.00319 4.39 0.82
0.003797 ] 0.00255 4.73 0.67
0.003774 9 0.00189 5-01 0.499
0.003751 10 0.00126 5.32 0.33
©,003727 1r 0.000634 5.78 o.17
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liron Fig. 4, K,, corresponding to -;I 0.5 was found tobe 1 % 10™*, As the
instability constant of ferrous dipicolinic acid complex had to be determined at about pa
6 it was assumed that the process (2) for the dissociation of the ac-:d'mxght be
regarded as comiplete. Therefore the value K,, only was necessary for the calculation
of the instability constant of 4he ferrous dipicolinic acid complex.

Fi16. 4

pu—r

7>
Table II (A, B) records the measured optical demsity values of the coloured complex
in equilibrium.
Tasre 11
A. Ferrons ammn. sulphate (0.002M) containing NH;0H.HC1 (%) = % c.c.
Dipicolinic acid (0.005M) = y c.c. KNQj (1 M) soln. = 10 c.x
Buffer = 18 c.c. (Pm 5.99). Cell = 2 cm. 4Bomgp.

bipico!inic acid {e.c) ... 1 2 3(n) 4 s(b) 6 7{e) 8(d) g
Fe soln. (c.c.) - 8 8 7 6 5 4 3 2 x
o.D. e 0.040 0072 0118 0.76 0.333 0.229 0.x84 0.124 o.070

H. Ferrous atim. sulphate {0.002M) containing NH,OH.HC! (%) = ¥ ¢c.c.
Dipicolinic acid (0.004M) = ¥ ¢.c. All the other conditions are exactly the same as in A.

Dipicolinic acid {c.¢.) ... 4 6(e) 8 10(f) 12 14(g) -3
Fe soln. {cc) 15 14 12 10 B -1 4
0. v ©0.I72 0u279 0.41X 0.525 0,476 0.378 0.240

From equgtion (1) K, was calculatéd for a, b, d, e, £,g. The results are
recorded in Table III.
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Tanre III
Ko, = 1x10°°% [H*] = o.1023%x 107"

No. {Dips 1. [FeDipsl. [Fe?*].” K.

a 3.00 X 104 4.76 X 10-% 2.3z X 10-4 1.68 X 107
b s.00 X 101 8.09 X 106 110 X 104 1.03 X 107
c 7.00 X 10-% 7.42 X 19— 4-38 x 105 1.55 X 107
d B.oo X 10! 5.00 X 10-F 3.00 X ro-5 242 X 10-7
e 4.80 M 10-1 113 X 104 4.47 % 104 2.10 X 107
f 8.00 X 10-4 212 X 10! 1.88 X 104 1.03 X 107
E 1.1z X 103 .52 X 10-4 8.80 X 10§ 318 x 107
Hence K (mean) = 1.85 X 10”7

Ferrous Quinolinic Acid System

With quinolinic acid iron (I1), as already stated, forms a highly soluble coloured
complex. The colour is intensified with the addition of potassium cyanide or pyridine
as is the case with ferrous picolinic acid and quinaldinic acid complexes. It resembles
particularly the picolinic acid complex in this respect. There is, however, one difference
namely, that it takes some time for the maximum colour development at a pg higher
than 6, or with a Ligh concentration of KCN or pyridine. When optical densities were
measured after the same interval of time for different solutions, a region of maximum
intcnsification was observed with a moderate conrentration of KCN. The Amax of the
simple ferrous quinolinic acid complex lies hetween 410 mg and 230 mu, and that of the
cyanide-containing system at a somewhat bigher value of 440 mu, As in the case of
picolinic acid, with the addition of a large excess of pyridine the Amer shifts towards the
ultraviolet region. The sensitivity of the simple coloured system is given by 0.066y
(Sandell, loc. cit.) and that of Llhe cyamide-containing system by 0.028y Fe/em®., At
least six limes the theoretically required amount of the reagent is necessary for the
maximuin colour development. For the cyanide-containing system, as large as
100 moles of the latter for each mole of iron present are required for the maximum
colour formation ‘The optimum $» for colour formation lies between 5.7 and 7.0.

At about $x 8, the colour of the simple ferrous quinolinic acid system is somewhat
weaker and assumes a reddish tint- At a higher $a turbidity sets in. The colour
system with or without the potassium cyanmide under specified conditions obeys Beer’s
law and is quite stable at room temperature for 24 hours. )

Wave-length of Absorption Maximum.—The] same procedure as in the case of
ferrous quinaldinic acid system was followed. The reagent blank (without iron) showed
negligible absorption at about 420 mu. Fig. 5 shows the optical demsity values of
the coloured complex at differemt wave.lengths with or without KCN. It should be
noted that in this case all measurements were made after one hour since the time of
mixing the solutions. During this period it was found necessary to shake the mixture
repeatedly to facilitate the development of colour. The mixture was found to show a
strong tendency for bubble formation. Care had therefore to be taken to eliminate
these before making the ineasurements. From Fig. 5 it can be concluded that

Amas for the simple ferrous quinolinic acid system lies between 410 and %430 mu and that
of the cyanide-containing system at 440 mp.
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Wave-length (mu). Fe (p.p.m).

Ferric nitrate (50 p.p.m. Fel, roce. Ferric nitrate (50 p.p.m. Fe), Z c.c
NH4OH.HCl (5%), § c-e. Quinolinic acid (0.4%), NH,OH . HCI (5%), sc.c. Quinolinic acid (0.4%)
0 c.c. KCN (2%), 15c.c. 10 c.c. Total vol , s0 c.c. Cell, 1 cm. KCN (2%):

Total vol., 50 c.c. Cell, r em, 15 C C.. Pa, 6.5 (with cr withont KCN).
P, 6.0 (withont KCN) and ps, 6.6 (with KCN). mg, 420 {(withont KCN)and 440 (with KCN).

Beer's Law.—The coloured complex with or without cyanide obeys Beer’s law in
the pa range of 5.7 to 7.0. Fig. 6 gives a graphical representation of the optical
density values for Beer’s law,

Composilion of the Coloured Complex of Fe™ and Quinolinic’ Acid.—The composi-
tion of the coloured complex was determined spectrophotometrically bs Job’s method
at px 5.00 as before. The values of measurements are represented in Fig. 7. It is thus
clear that the composition of the coloured complex is given by 1 Fe: 3acid.

F1G. 7

0.D.
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[ HJ an [T 4% ane

Hent : reagent —>

Eerrous ammu. sulpba‘e (0.005 M) containing NH,OH.HCI1 (1%), = c c-
Qnuinolinic acid (0.005 M) ¥ ¢.c. KNOy {1 M) 10 c.¢. Buffer (5.99 Pa), B c.e.
Total volume, soc.c- Cell, 2 em,
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Instability Consiant of the Coloured Complex.—The inslability constant of the
coloured eomplex can be derived as in the previous cases. The value of K. was
calculated as in the case of picolinic acid (Part I, loc. cét.) from the_equation :

K, = [Fe**] x K.;" {[Quit] —3 [(FeQui,y)*-]I*
Ko = [(FeQeui;J“] {l}(a' + [H+]}’ . (16)

where H Qui = one molecule of quinolinic acid and the other symbols have the same
significance as before (Part I, loc. ciz). [Fe*] is the concentration of free ferrous
ion, [Quis] = concentration of the total quinolinic acid taken and [(FeQuis)*~] 1s
that of the complex ion formed as calculated from the observed optical densily. The
dissociation constants of the acid, K,, and K,, were determined at about 30° by a set
of experiments similar to that made in the case of dipicolinic acid. The experimental

results are recorded in T'able IV and the ﬁ/’ {n curve is represented by Fig. 8.

Fg. 8

P —>

7>

From Fig. 8, K, and K, were obtained from the values of % = 1.5 and
0.5 respectively as 2.5%x107° and 1.04%X107%, As in the case of dipicolinic acid,
the value K, only was mecessary for the calculation of the ingtability constant
cf the ferrous quinolinic acid complex.

Table V (A, B) record the measured optical demnsity values of the coloured
complex in equilibrium.
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TasLE IV
Quinolinic acid taken = 150 c.c. of o-o1M, Alkali = 0.000gN ~NaQH. Temp.=30"
B (conc. of the acid Alkall added. aBy + I, + B+ Pn. 2B + B -
in molesfliire). B | =9
0.000933 1c.C. 0 019206 2.46 1.58
0.009804 3 0.017648 2.58 1.53
0.009740 4 0.016880 2.6x .48
0.000616 : 6 0.015300 2.73 1.38
" 0.009434 0 0.013374 2.96 1.28
0.009260 12 0.011720 3.30 I.I4
0.009036 16 0.,008443 4.12 0.93
0.008824 20 o0 cos858 4.7x 0.67
o.o05722 22 0.044674 493 0.54
0 008822 29 0.003474 5.18 0.42
0.c08523 26 0,002345 5.47 0.37
0.008428 28 0.001146 5.08 0.14
TanLg V

A. Perrous amm. sulphate (o.0or M) containing NH,OH.HCI (1%) = z c.c. Quinolinic acid
(0.005 M) = ye.c. KNOyf1 M) soln, = 10 c.c. Baofler (pr 5.99) =18 c.c. Cell, zcur. ‘

Quinolinic acid (c.c) ... 1 2 3 4(a) sm) 6ic) 7(d) 8 9
Fe soln. (c.c.) -1 8 7 6 5 4 3 2 X
0.D. (420 mp) .. 0.033 0070 0.09% oO.122 0.144 0.123 0.120 0.097 0.041

B. Ferrous amm. sulphate (o.cor M) containing NHsOH.HCI (:%) = zc.c. Quinolinic acid
fo.004 M=y c.c. Other conditions are the same as in A.

Quinolinic acid (c.c.) 6 8 10{e} xa(f) 14 16 (g)
Fe soln (c.c.) 14 12 10 8 6 4
0. D. (420 mp) [ 0.167 0.195 0.212 0.I95 0168 0.132

From equation (16) K. was calenlated for a,b,cd,ef,g. The results are
recorded in Table VI.

TasLe VI
K, = 1.04x10"%. [H*'] =o.1023 % 107",
No. [Quie . [FeQdiy]. [Fem |, Re.
a 4-00 X104 7.28X%ro”E 1.67% 1076 1.04x 10711
b g-00x1074 8.60 %1076 1.14X 104 142X 1o~
¢ 6.00% rp~1 7-a4» 1078 8.66X 1078 4.88x 10711
d 7.00X 101 7.16xx0~8 4 84x 1076 5-84x 1071
e 8.00x 1071 1.27X1971 7.30X3078 3.20x10° 1t
f 0.60 1074 1-163 1074 4.40X 107F 6.58x 10°1
g 1.28X 1072 7.88 X 10"0 I.20X 1078 r.31xro 1

Hence, K, (mean) = 3.47 X107

Coloured Systems of Ferrous Complexes with Some Other Pyridina Carboxylic
Acids (D and Tri)

Two other pyridine dicarboxylic acids with -COOH group in the s-position,
namely, lutidinic (2:4) and isscinchomeronic (2 :5) acids have been found, as already
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staled, to give an inlense yellow colour with ferrous ion with Amsx in the range
of qromix to 440 mp. The optimum pa for maximum colour development lies at
or about 6 for both. The colour of the ferrous complex of both the acids is
intensified by. the addition of KCN and pyridine. The semsitivily for both the
coloured complexes was found to be almost equal and i given by 0.:66y Fe/cm®
without KCN and o.070y Fe/cm? with KCN.

The yellow to red ferrous comnlexes formed in solution by the three pyridine tricarboxy-
lic acids, viz., collidinic acid (2 : 4 : 6), berberonic acid (2 :4:5) and the 2 : 3 :6-acid, show
an absorption maximum at 525mu for collidinic acid, and at 410 mp—420 ma for pyridine
2 :3 :6-tricarboxylic acid. The colour of berberonic acid ferrous complex is developed
only iu stropg solutioms. This acid has therefore little value for the colorimetric
test of irou. ‘The optimum px for colour development for these tricarboxylic acids
also lies at or about 6, Sensitivity for ferrous collidinic acid complex is given by
0.052y Fe/cm®. It behaves like ferrous dipicolinic acid complex towards KCN and
pyridine, which decrease its colour intensity in solution. Pyridine-2 : 3 :6-tricarboxylic .
acid ferrous complex, on the other hand, behaves like quinolinic acid with its
colour being intensified by the addition of KCN or pyridine. The semsitivity of
the coloured complex is 0.09 y Fe/cm® without KCN and 0.03 y Fefcm® with KCN.

CONCLUSION

Table VII summarises the oplimum conditions for colour development as also
the semsitivity of coloured ferrous compleses of the quipoline carboxylic acid and
of all the pyridine carboxylic acids studied in this series of communication. The
instability constants of the coloured complexes have also been furmished for cases

specially studied.

TapLE VII
pa=6 (in alljcases)
Acid. Amaa. Sensitivity* in y/cm? (Fe). Instability constant,
Withont KCN. With KCN.
Quinaldinic 500-515 mu 0.036 0.0006 3.63 1 1074
Picolinic 440 0.056 0.0280 5.07x 10712
Dipicolinic 480 0.044 Diminishes 1.85u 1077
Quinolinic 420-440 0.066 0.0285 347x1w0°11
Laotidinic 410-440 o166 o.07.0
{soCinchomeronic 410-440 0.166 0.0700
Collidinie 525 0.052 Diminishes
Pyridine-2:3:6-
tricarbaxylic 410-420 0,090 0.0300

* Sandell, loc. cit.

The coloured ferrous complexes of Lhe pyridine carboxylic acids with the
exception of those of dipicolinic and collidinic acids show their maXimum absorption
practically in the same region of the visible spectrum, viz., -410-440 mu. The
absorption is shifted somewhat to the longer wave-length region in "the cases of
dipicolinic and collidinic acids, reseinbling that of quinaldimic acid. Of all the
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acids, qninaldinic acid serves as the most sensitive reageot [or ferrous irom, parti-

cularly with KCN. Their relative sensitivity and stability can be represented as
follows in an increasing” order :

Sensitivity (without KCN) : Lutidinic = isocinchomeronic << pyridine- 2:3:6 {acid)
< guinolinic < picolinic < collidinie << dipicolinic <C quina'dinic acid.

Stability ;: Quinaldinic < dipicolinic << quinolinic < picolinic acid.

For colorimetric analysis of irom, quinaldinic acid may therefore be regarded
as a very useful reagent. The only drawback is that, on account of its high
instability constant, a wvery Jarge excess (25 times the theoretical amount) of the
reagent is required for the purpose of estimation. While dipicolinic acid, which
comes next in order of semsilivity when used without KCN, cannot be wused im
presence of KCN, and hence loses its usefulness as a colorimetric reagent. From
a copsideration of both sensitivity and stability, picolinic acid may also be regarded
as a quite useful reagent for the estimation of irun, next in importance to qui-
naldipic acid. So far as the inlerference by foreign ioms in the case of these two
reagents is concerned, there is very little to choose be¢tween them (Rdy and Bose,

Z. anal. Chem., 1933, 95, 400; Majumdar aud Sen- this Journal, 1950, 27, 245;
Anal, Chim. Acla, 1953, 8, 369).
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