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SPECTROPHOTOMETRIC STUDIES ON FERROUS COMPLEXES OF 
QUINOLINE- A~D PYRIDINE-CARBOXYI.,IC ACIDS. PART III. 

FERROUS DIPICOLINIC ACID AND FERROUS QUINOLINIC 
ACID SYS'I'EMS 

BY DlR£SWAR BANERJEE AND PRIVADARA..."ii"JAN RAY 

Highly soluble coloured ferrot1s complexes of dipicolinic: and quinolinic acids have been 
studied by spectrophotometric mel boll. The furous c;,mplexes of 1101ne other pyrid.ne di- and tri· 
carboxylic acid~ with a carboxyl gruup in the •-position to tbe nitrogen atom have also bceu 
studied in a qualitP.tive manner. · 

Ferrous dipicolinic acid comple-x shows its maximum coJour intensity between Ps 5 and 7 and the
Am•• at 41!o mp;. The intensity of colour, hol~·ever, decreases in the presence of· KCN or pyridine. 
The colour sy;;tem obeys Beer"s law, and it.s compositiron ia given by :r Fen : 2 acid, with an 
instabilit~- ("onstant, r.85 x ro··7. 

The soluble coloured complex of ferron!! quinolinic acid has been found to give its muimum 
colour intensity beh•eea flo 5·'1 and ?.o with Amn• at 420 mp., and the colour is intensified "ith the addi· 
tion ol KC'N, and tr> some extent with p,-riditle. The -'mu for cyanide-containing sysi:eu1 lies at 440 111.1'
Tbe colour system witb or wilho.ot the cyanide obe,·s Beer's Jaw und(:r speci.6td conditions. 
The coUJpositioo of the complex is represented by I F'e11 : 3 acid "1\"ith an instability constant 
of 3-47 X I.,-u. 

In the previous papers (Parf'5 I and II, this ]ou.,.nal, 1958, 35, 297, 493) the formation 
of ferrous complexes with quinaldinic acid aud picolinic acid has been studil.•d by 
t.be spectrophotometric method. 'fhe results of studying the ferrcus complr:xes of 

.dipicoiiuic acid and quinolinic acid and also of other pyridine di- and 'ri
carboxylic acids with at least one carbo,.yl group at the z-position to the nitrogen 
atom of the pyridine riag, are rei>Orled in the prese~t communication. 

'I'be composition of ferrous dipicolinic acid (pyrid ine-2 : 6-dit-arb•:xy1ic acid) 
complex fro1n spectrophotometric measurements, foJlowing Job"s method, is given 
by r Fe: 2 acid. The complex may therefore be represented by the following 
configuration, where the acid molecule behaves as a tridentate ligand. 

r O=C-0 D-C=O 

/ ""-/ ' (-)N-+ Fc:-11 +N(-) -, /' /-
O=C-0 0-C=O 

·-

-1 
• 

The value of the instability constant of the complex was Iound to be I -Bs x 10-' . 
• 

Quicolinic acid (pyridine-2 :3 dic-arbo:xylic acid) was found by Job's metl1od to 
con1bine with ferrous ion yielding a complex of t.he composition I Fe: 3 acid. It can 
therefore possess an octahedral configuration as shown below : 
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• 

Each acid molecule here behaves as a bic!entate ligaud' with' one of its carboxyl 
group remaining free. The value of the instability constant for ,the quinolinatc complex 

was found to be 3-47 x I0-
11

• 

Pyridine-2 :4- and 2 : 5-dicarboxylic acids and pyridine-2 :4 :6-, -2 :3 : 6- and 
-2 : 4 : 5-tricarboxylic acids have all been found to furnish yellow· to red ferrous 
complexes. Like ferrous qttin:lldinatc and picolinate, the colour of the ferrous 
com:>lexes of all the above m:mtioned pyridine carboxylic acids, with tbe exception of 
those af dipicolinic aci-:1 (2: 6) aod 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 tlie case of picolinic acid, th~ r:nrt played by potassium cyauid;! in intensifying the 
colour of lhe soluble ferrous co:n[)lex possibly lies in the "formati'Jn of a cyano complex 
in which a molec11le of the pyridine di- or tri-carboxylic acid in their coloured complexes 
i., replaced by au equivalent number of cyanogen 'groups. They, thtts, form anionic 
complexes, the colour intensity of which increases with an '"increasing amount of KCN 
and theu finally reaches to a constant maximum value. In aJI these cases the absorption 
maximum 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 compte !t, in contrast to the behaviour of the 
ferrous complewes of other pyridine carboxylic acids, is considerably reduced in intensity 
by the addition of an excess of potassium cyanide. 

ExPERIMENTAl. 

A Unkom SP 6oo spectrophotometer and a Cambridge Bench Type .Pa meter were 
used in this work. The reagents used were all of guaranteed quality. 

Dipicolinic, quino'inic, collidinic and pyridiiJe-2 : 3 : 6-tricarboxyJic acids wer.! 
prepared by the permanganate oxidation of 2 : 6-dimethylpyridiue, quinoline, collidioe, 
and quinaldinic acid respectively fLadenburg aoc'! Roth, BeT., 188s, 18, sz; Konigs, 
BeT., 1879, 12, g83 i Voigt, Annalen, r685, 228, 31; Miller, BeT., 1891, 24, 1916). 
Lutidinic and isoc:inchomerouic acids were prepared by the permanganate oxidation 
of a mixture of 2 :4- and 2 ~ 5-dimethylpyridine and tht.n by subseq41ent separation ot 
the two acid!'i (Banerjee and Ray, this journal, 1957, 81, 208). Pyridine-z: 4 :s-tricarbo
xylic acid was prepared by the oxidation of berberine with uitric acid (Weidel, BeT., 
1879, ~2, 410}. 
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F enous Dipicolinic Acid System, 

With dipicolinic acid iron (II) forms a highly soluble ye11o\Y coloured complex with 
its absorption maximo1t1 lyinc iu the region of 48o Ill/~. The O!Jtimum Ps for the 
maximu.n colour forn1ali~n ranges between 5 and 7· Unlike picalinic or q11inaldinic: 
acid and some other pyridine carboKylic acid!!, the colour intensity of the dipic:olioic: 
acid complex dimillisbes with the addition of potassium cyanide or pyridine. The 
maximum colour formation also requires some time, at least a period of 30 minutes at Po 
6-4 and ab>o:e. The colour is quite stable and remains unchanged for 24 hours at room 
temperature. At least one and half limes the theoretical quao~Jty of dipicolinic acid 
is reqnired for the maximum development of colour. 1'he coloured complex obeys 
Ueer"s Ia•.v and the sensitivity is giveo by o.044rFe/..:1n2 (Sand~ll. "Colorimetric: 
D~termination of 'fra..:es of l\letals", Tuterscieoce Publishers, New York, 1950, p. 47). 

Wave-length of AbsoTjltion Ma.'Ci">num (Amul.-The same procedure, as described 
before ret. Part l, loc. cit.), was followed. Th~ reagent and the Fe" blank separately 
showed practically no absorption within the rauge of measurement. :Fig. I sbows the 
O)Jtical deosity values of the coloured compleli: ~t different wave-lengths. It should be 
noted that all meas~Jremf!nts were made after one hour siuce the time of mixing tbe 
solution, when the colour was Cully developed. From Fig. I, it can be concluded that 

Ama• for ferrous dipicolioic: acid system lies at 480 mp. 
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FIG· I 

Wa<le-lengtll (m,.). 

Ferric uiua~e ·so p.p.m."l 10 c c. 
NH30H.HCI (S%1, S c:.c. 
Dipiccolinic: acid (o 25%1, 10 c: c. 
Total '11~>lume-, 50 c.c:. 
Cell used, 1 em. f'o, 6. 

c: 
ci 
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FIG- 2 
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:Fe (Jt.p.,n,J. 
Ferric nitrate fso p.p.m. Fe), "'c.c:. 
NHfJII.HC'I 15%). 5 c.c. 
Dipu:olinic acid (o.~s% ·, 10 c.c. 
Total vul., soc c. • 
Cdl used, 1 em. 48o m,.. i'n, 6. 

l:Jeer's La-w.-The coloured complex obeys lleer's law. This is evideDt from 
the <.~ptical dE:11sity values shown in Fig 2. 
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Cot~ljlosition of the ColouTed Complex of FeTTOus IT<Jn and Diprcolinic Acid ....... 
The c:oU'Ipo:>ition of the coloured complex was determined by Job's method at Pa s.gg 

as in the caSt! of ferrous pic:olinic: ac:id system. The results of 19eas11rements are shown 
in Fig. 3 (a, b). It is clear that the c:ompo.;itiou of the complex is represented by 
t J1'e: 2 acid. 

r:::i 
ci 

FIG. 3 

Fell : Teagent -+ 

(a) Ferrous amm. sulphate (o.oosll-fl contaioiag NH,OH.HCl (10X,l. :& c.c. 
Dipicoli~c acid {o.oosMI. y c.c. KN~ (rM), 10 c.c. (added to maintain 
constant ionic stTeogth). Buffer fs 99 f'al, rB c c. Total volume, 
so c.c-. Cell used, 2 era. 
lbl Perroa.s amm. snlphate (o.oo2Ml containing NH10H.IICI (:rJ,), s c.c. 
Dipic:olinic acid (o.oo~M 1, y c c. All the other OJD.ditioos are exactly tbe 
p;ame as for ta). 

Ins~abiWy Cons~ant of ~he ColouTed Comj)lex.-Tbe instability constant of the 
coloured complex can be derived as in the previous cases from its dissociation in 
solution according to the equation : 

(FcDip~)1 - ;::!: Fen + 2 Dip•

- [Fe2+] x [Dip"" ] 1 

J( • - [ ( lrt:Dip2) 1 ~] 
where H 1 0ip = one molecule of dipicolinic acid. The values of Dipz- and K. are 
calctilated as in the case of the quinaldiuic acid complex. 
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The symbols havt: the same significance as in previous parts. K,.,, th.e dissocia~ 
tion constant of (HDip}-, w~ determined at 30D, fol'owiug the method suggested by 
Bjerrum- ("Metal-ammine Formation in Aqueous Sololions", P. Haase ·aDd Sou, 
Copenhagen, 1941l. 

DissociaUon Constant oj Diticolinic Acid. 

The method of its detcrn.in:ation consists in the titration of a solution of dipi
coliuic acid with a standard (carbonate free) alkali and noting the /.Jrr values of the 
solution after each addition of the latter. 

The dil'Sociation of a dicarboxylic acid may be represeutt:d as fllllows-:· 

H 2 A ~ H+ + (HA)- (2) 

iHAi- :;;::!: H+ + A•- {J) 

where H 2 A r'!preseots a molecule of the dicarboxylic acid. Now for the s11ccessive 
acid dissociation constants we get 

[HA-] X [H+] 
K,.,= [H.A] 

and K •• = 
rA~-] X [H+J 
-[HA-] 

coo- coo-
where A 1

- = ON and (HA)- = (-)N 
coo- COOH 

Let B be the total molar concentration of dipicolinic acid taken, so that 

B = Ba + B. + Bs 

.. ~. (4) 

CsJ 

'·· (6) 

where B •• B1 and B2 are the respective molar conc:eotratioo of Dip•-, HDip- and 
H tDip ; and let P be the molar concentration of the alkali addeft. Then from the 
measurements oi the p,. of the sol11tioo we get, 

•Acid neutralised) 

which on traosposition gives 

IAlkall used up) 

(8) 

As it is a case of stepwise dissociation, where the amount of acid neutralised is 
assumed to be less than B, the pro~ess (:zl may be regurded as still incomplete, ;nd 
so the amount of ~a formed is negligibly small and c:ao be .ignored. Then from the 
equation (6) we fel• 
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Substituting this value of B in £7) we get, 

B, = P + H+ - OR-

and hence, B2 = B - P - H+ + OH-

So, 
B,. x [H+] _ [P + H+ - OH-j x [H+] 

K,., = B:a - [B - P - H+ + OH-] 

C1o) 

(u) 

(u) 

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

and from (7) we get 

Henee, 

Therefore, 

B, = :~B - P - a• + oa-
B. 

K _ Bo :.c [H"1 
] 

•• - 81 

= [P - B + H+ - OH-·] x [H+] 
[2B - P - H+ + mr] h:s) 

The formation curves for these systems were obtaiued by plotting "'I agaiust "/1. 

values for each separate observations ; where ~ = average number of hydrogen ions 
boand to a fully dissociated ligaud anion, i.e., 

Total No_ of H+ bound 
71 = Total No. of ligand molecules present 

~ 

= 

It will be clear from equations (4) and (s) that when q = o.s and 1.5 respectively, 
K,., and K,., become equal to the corresponding [H+] value. Hence, by plotting 

the value of ~ agaiust ~ .... the values of K "• and K •• can be readily obtained. 

The results of measurements are recorded in Table I, and the ~I J?rr. curve is 
plotted in Fig. 4-

TABU 1 

Acid takeu = ISO c.c. of o.oo4M. Alkali = o.ogggN-NaOH. Temp. = 30°. 

B (cone. of the acid Alkali added. z:S. + H1 + H+. #?•· 
in moles/litre), 

2~+ B1 
B ""'I· 

O.GD397 I C.C. 0.007~ z.66 J:.:t8 
0.00395 z o.oo6s8 2-78 
o.oo~ 3 o oos88 2-93 
o.oo 4 0 00519 3-IO 
O.o0JS72 5 0 00454 3-41 
O.OOJ847 6 0.00385 3-91 

1-24 
1.20 
I.IJ 
1.07 
o.g6 

o.oo3B:a2 7 O.'-'OJI9 4·39 
0.003797 8 0.00255 4-73 
0-003774 9 o.oox89 s-ox 
0.003751 IO 0.00126 5-32 
O,OOJT-17 JI o.ooo634 .5-78 

n.S:t 
o.fi? 
0.499 
0-33 
0.17 
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From Fig. 4. K ... corresponding to .;j = o.s was found to be 1 'M Io-•. As the 
inst~o~bility ~::onstant of ferrous dipicolinic acid complex had' to be determined at about ~'• 

6 it was assumed that the process (2) for the dissociation of the acid fmi~ht be 
1·egarded as complete. 'therefore the value K ... only was necessary for the calculation 
of the instability constant of .the ferrous dipicolinic acid complex. 

t 
.:. 

FIG. 4 

• 

&.~----------~~--------------~\-----------

ii-+-
'I'able II (A, B) records the measured optical density values of the coloured complex 

in equilibrium. 
TABU II 

A. Fnroas amm. sulphate (o.ooaM) containiDg NBaOH.HCl (x%) == s e.c:. 
Dipiro1inic acid (o.oosM) .. )' c.c. KNO, (I M) 110ln. = xo c.c:. 
Buffer = 18 c.c. (l"a 5·99). Cell "" 2 em. 48o mt£. 

Dipieolinic acid (c:.e.) I 2 3(a) 4 s(b) 6 7(d 
Fe 10ln. (c.c.} 9 8 7 6 5 4 3 
O.D. 0,040 0.072 o.u8 0.176 0.113 0.229 0,184 

R. Ferroas amm. sulphate (o.ooli.M) containing NH10H.HCI b:%) == :J& c.c. 

8(d) 

2 

0.124 

Dipicolinic: acid (oa004M) = )' c.c:. All the other conditions are ezactly tbe sallle as i.o. A. 

9 
I 

0.070 

Dipicolinic acid (c.c.) 4 6(e) 8 xo(f) 1:2 14(g) 1t 
Fe 110ln. (c..c ) 16 :14 :12 10 8 6 4 
O.D. 0.:172 0..279 0.4U o.szs 0-476 0.378 O.'I4CJ 

From equatioa (x) K c W':'S calculated for a. b, c, d, e, f,· g. The results are 
recorded in Table iii. 
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TABU III 

K,.. = I x xo-•. [H+] = 0.1023 x Io-•. 

No. [Dipt ]. [FeDiPt}. [Fel+].• 

a J.OO x ro-4 

b s.oo x ro-4 

c 7.00 x ro-f 

d B.oo x xo-1 

E' 4.Bo x ro-4 

f B.oo x ro-t 
g 1.12 )( IO~ 

4.]6 X~~ 
B.gg x ro-5 

7-42 )( 10..5 

,s.oo x ro-O 
r.rJ x ro-4 

J.U X 10-l 

r.52 x ro-• 

2.32 • ro- 1 

r.ro X ro-A 

4·.58 X I~ 
3.00 X ro-1 
4·47 X ro-A 
r.88 x 1o-A 
S.Bo x ro-5 

Hence K • (mean) ~ r.8,s x ro·7 

FeTrous Quinolinic Acid System 

Ko. 

1.68 )( 10 J 

1.03 x ro-1 
1.55 X ro-' 
2-42 X ro-J 

2.XO X ra-J' 
1.03 x ra-J' 
3.18 X 1o-f 

With quino1inic acid iron (II), as already stated, forms a highly soluble coloured 
complex. The colour is intensified wjth !he addition of potassium cyanide or pyridine 
as is the case with ferrous picolinic acid and quinaldiuic 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 p8 higher 
than 6, or with a high concentration of KCN or pyridine. When optical densities were 
measured after the same interval of time for different solutions, a region of maximum 
intt-nsi.fication was observed with a. moderate con,.entration of KCN. The Am.,. of the 
simple ferrous qninolinic acid cornple:x lies between 410 m11 and 430 mp, and that of the 
cyanide-containing system at a somewhat higher value of 440 mp. As iu the case of 
picolinic acid. with the addition of a large excess of pyridine the Amu shifts towards the 
ultraviolet region. The sensitiVlty of the simple coloured system is given by o.o66J' 
(Sandell, Zoe. cit.) and that of the cyanide-containing srstem by o.o28y Fe/cm•. At 
least six times the theoretically required amount of the reagent is necessary far tbe 
maximum colour development. For the cyanide-containing system, as larie as 
roo moles of the latter for each mole of iron present are required for the maximum 
colour formation The optimum Pa ior colour formation lies between 5·7 and 7.0. 

At ~bout P• 8, the colour of the simple ferrous quinohnic acid system is somewhat 
weaker and assumes a reddish tint. At a higher P• turbidity sets in. The colour 
system witb or without the potassiunt cyanide under specified conditions obeys Beer's 
law and is quite stable at room temperature for 24 hours. 

Wa.11e-length of AbsoTption Ma~imum.-'rhe~_same procedure as in the case of 
ferrous quinaldinic acid system was fo1Iowed. The reagent blank (without iron) showed 
negligible absorption at about 420 mp. Fig. 5 shows the optical density values of 
the coloured complex at different wave.lengths with or without KCN. J.t 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 £o11nd necessary to shake the mixture 
repeatedly to facilitate the development of colour. The mixture was found to show a 
strong tendency for bubble forn1ation. Care had therefore to he taken to eliminate 
tbese before making the measurements. From Fig. s it can be concluded that 
A.,., for the simple ferrous quinolinic acid system lies between 410 and %30 mp and that 
of ~be cyanide-containing system at 440 mp. 



~ 
c::) 

SPECTROPHOTOMETRIC . STUDIES ON FERRO OS COMPLEXES 825 

FIG. 5 

~ 

., 
11 

;!/ ci "t .. c 

~ 
'1 

- ... a - & • •S 

Wllllll-lllr&gth (mp.J. Fe (f'.fJ.tn). 
Fenic: nitrate t.so p.p.m. Fe), Io c:.c:. Ferric nitrate (so p.p.m. Fe),,; c:.c 
NHs()H.HCI ls%l, 5 c.c. Qainolinic: acid (0.4%1, NHz(>H.HCI Cs%1, sc.c. Qainolinic: acid (o.4"), 
xo c.c:. KCN 13%), IS c. c. 11J c.c. Total vol, so c.c. Cell, 1 em. KCN (::~$), 
Total vol., so c.c. Cell, r em. IS c c .. P•· 6.s (with u without KCN). 
ts, 6.o (without KCN) and Ps, 6.6 (with KCN•. m,., 420 (with011t KCN)and 440 (with KCN). 

Bee.,.'s La:w.-The coloured complex with or without cyanide obeys Beer's law in 
the 1Ja r11nge of 5·7 to 7.0. Fig. 6 gives a graphical representation of the optical 
density values for Beer's law. 

Composition of tl&e Coloured Complex of Fe11 and Quinolinic'Acid.-Tbe composi
tion of the coloured complex was determiced spectrophotometrically by Job's method 
at p. 5.99 as befme. The values of measurements are represented in Fig. 7· lt.is tbns 
dear that tbe cotnposition of the colowed complex is given by 1 Fe : 3 acid. 

FIG. 7 

.. 
·s 

'4 

·a 

., 

IDUO 111'1 

Pen : reag11nt -+ 
E!em1as amru. sulpba·e {o.oos M) contaioi11J NH10H.HC1 h%1, z c c. 
Qainolinic a.cid (o.oos MJ, 'Y c.c. KN08 {z M) xo c.c:. Buffer (S.gg/!s). z8 c.c. 
Total volume, so c.c. CeO, ll c:m. · 
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Instability Constant of tlae Colou-red Comple.x.-The :instability constant of the 
coloured complex cau be derived as in the previous cases. The value of K c was 
calculated as in the case of picoliuic acid (Part l, loc. clit.) from the .equation : 

(J6) 

where H 8Qui = one molf.cule of quinolinic acid and the other symbols have the same 
significance as before (Part I, loc. cit.). [FeH] is the concentratiou of free ferrous 

\ 

ion, [Qui,] = concentration of the total quinolinic acid taken aud [(FeQuia)~-] 1s 
that of the complex iot1 formed as calculated from the observed optical density. The 
dissociation constants of the add, K,, and K,., were determined at about 30• by a set 
of experimeDts similar to tbat made in the case of dipicoliuic acid. The experimental 

results are recorded in 'I'&.ble IV and l11e ~/Pa curve is represented by Fig. 8. 

Fo. 8 

t 
.:. .. 

.. 

From Fig. 8, K"' and K.., were obtained from the values of ~ = x.s and 
0.5 respectively as 2.5 x xo-• and 1.04 x xo-s. As in the case of dipicolinic acid, 
the value K.., only was uecer.sary for the calculation of the in~tability constant 
cf the ferrous quinolinic acid complex. 

Table V (A, B) _record the measured optical density values of the coloured 
comp}je:z: in equilibrium. 
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Quinolinic acid taken 
B (cone. of the acid 

in moles/litre). 

0-009933 
o.~ 

0.009740 
o.oog616 

0.009434 
0.009'.116o 
11·009036 

o.ao8824 
o.ooS722 
0 D08622 
o.ao8SliJ 
o.oo8428 

TABLE IV 

= 150 c.c. of 0-0IM. Alkali = o.ogggN- NaOH. 
Alkali added. ~~ + D1 + H+. {Jn. 

1 c:.c. oorgzo6 '.11.46 
3 o.or7648 2.,s8 

4 o.o1688o 2.6:r 
6 o.ors3ou 2-73 
I) O.OIJ:II4 2.g6 

I2 o.onno 3·JO 
r6 a.oo8.t43 4-:Ill 
20 a oosll98 lf-71 
22 0.0'~4674 4-93 
24 O.OOJif74 s.r8 
26 0,002346 S-47 
28 O.OOJI46 5·95 

TAI!l,E v 

Temp.=3o• 

t.!a..±...!! = i. 
B 

z.sS 
:r.s~ 

:r-48 
r.J8 
r.d 
1.14 
0.93 
o.67 
0-54 
o.<JI 
0,:1117 
0.:14 

A. Ferrous amm. sulphale (o.oo1 M) containing NH10R.HCI (rf-1 - :z; c.c. Quinoliaie acid 
(o.oos M) = y c:.c. KNOa l1 Ml solo. ~ 10 c.c. Duffer (/In 5·99) ==r8 t'.c:. CeU, 2 c::rr. 

Qoinolinic acid (c.c.) 2 J 4(BJ 5(b) li{cl 7(d) 8 9 

Fe soln. (c.c.) 9 8 7 6 5 4 3 2 I 

O.D. l4l10 m,..J 0.033 Oo070 o.og"i O.T22 0.144 0.123 0.120 0.097 D,Ofl 

B. Fen-ous amm. sulphate (0.001 MJ containing NH!OH.HCI 
(0.004 Ml ~y c:.c:. other CODditioo!l are the some as in A. 

Qaioolinic acid (c.c:.) 6 8 10(e) 

Fe soln (c.c.) 14 12- 10 

0. D. (420 w,..) 0.167 o.II}!'j o.:n2 

h%J • :z;c:.c. 

lll(fJ 

8 
o.r95 

QaiDDlinic add 

14 r6 (g) 

6 4 
o.r68 o.r32 

From equation (r6) K. was calculated for a,b,c,d,e,f,g. The results are 
recorded in Table VI. 

TABI.E VI 
K •• I.04 x ro"s. [H·+-J =o.ro:ra x ro-•. 

No. [Qai& 1~. [FeQui1]. [Fe.~'.J-
a 4-00X'Ic-4 7.28X ra"l z.67X ro"' 

b s.oox to"' 8.6o Xto'l r.14 x ro"4 

f 6.oox ro·• 7-:14 x ro."1 8.66x za·• 

d 7.oox to"' 7.16X ro-1 4 S.pc 1o"l 

e 8.00)( 10'' 1.27X Ig·l 7-JOX:ro-• 
f g.6o)t ro-1 :r.a6xro·l 4.40X ro-ll 

lr 1.28 >c ro-1 7.88 )( 10'1 I.:IIIOX ro·l 

Hence, K • (meau) = 3·47 x T0-
11

• 

x .. 
I.OofXIO"U 
I.lf2X ro-B 
4.88XIO"U 
5.81fxro-lJ 
J.:20 x ro·ll 
6.sflx ro"11 

I.JIXIO-U 

Colouf'ed Systems of Ferrous Comi'le:us TIJi'h Some Othef' Pyridine Carboxylic 
Acids !Di a11d Tri) 

T\vo ot'ber pyridiDe dicarboxylic acids with -COOH group in the a-position, 
namely, lutidinic (2 :4) aad hocmchmneroDic (ll : s) acids have been fouod, as ,already 
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stated, to give an intense yellow colour with ferrous ion with A,.., in the range 
of 410 ri1P. to 440 mp.. The optimum P• for maximum colour development lies at 
or· about 6 for both. '1'11e colour of the ferrous complex of,. both the acids is 
intensified by the addition of KCN and pyridice. The sensitivity for both the 
coloured complexes was found to be almost equal and is given by o. &66y Fe/r:m• 
without KCN aod o.o7oy Fe/cm3 with KCN. 

The yellow to red ferrous complexes formed in solution by the three pyridine tricarboxy. 
lic acids. viz., cottidinic acid C2: 4: 6), berberonic acid (a: 4: 5) and the 2 : 3: 6-acid, show 
an absorption n1aximum at s.:zsm.u for collidinic acid, and at 4:1:0 m,u.-420 m,u for pyridine 
2 :3 : 6-tricarboxylic acid. The colour of berberonic acid ferrous complex is developed 
only iu strong solutions. This acid has therefore little value for the colorimetric 
test of irou. Tbe optimum p. for colour development for these tricarboxylic acids 
also lies at or about 6. Sensitivity for ferrous collidinic acid complE-x is given by 
0-052Y Fe/ em•. It behaves lik~ 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 
colollr being intensified· by the addition of KCN or pyridine. The sensitivity of 
the coloured complex is o.og y Fri!/crn2 without KCN and o.oJ y Fe/cm= with KCN. 

CoNCI.USION 

Table VII summarises the optimum conditions for colour development as also 
the se~~sitivity of co1ourec1 ferrous comple:ses of the quinoline carboxylic acid and 
of all the pyridine carboxylic acids studied in this series of communication. The 
instability constants of the coloured complexes bave also been furnished for cases 
specially studied. 

Acid. 

Qa.inaldinic 
Pioolinic 
Dipicolinic 
Qainolinic 
Lntidioic 
lsoCinchonteronic 
Collidinic 
Pyridine-2 :J :6-

tricarboxylic 

........... 

.§00·515 mp. 

440 

4& 
420o440 

410•4-40 

410·4-40 
525 

• Sandell, loc. eft. 

TABLE VII 

Pa=6 (in an:cases) 
Sensitivity• jn "'(/cml rFe). Instability ~stant . 

Without KCN. With KCN. 

O.OJ6 o.oog6 3.6311 10-1 
o.o56 0.028o 5·07 II Jo-UI 

0-04-4 Diminishes 1.85 •m"' 
o.o66 o.o28o J 47 II :ro-U 

0.166 0.07f.O 

0.166 o.o;roo 
0.052 Diminishes 

o.ogo O.DJOO 

The coloured ferrous complexes of Lhe pyridine carboxylic acids with lhe 
exception of those of dipicolinic and collidinic acids show their n1a1!:imum absorption 
practically in the same region of the visible spectrum, viz., · 410-440 mp:. The 
absorption is shifted somewhat to the ]anger wavf'-length region in "the cases of 
dipicolinic and collidinic acids, resembling that of quinaldinic acid. Of all the 
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acids, qninaldinic acid serves as the most sensitive reageDt for ferrous iron, parti
cularly with KCN. Their relative sensitivity and stability can be represented as 
follows in an increasing> order : 

Sensiti'Vity (without XCN) : Lntidinic = isocinchomeronic < pyridine- 2:3:6 (acid) 
< qoinolinic < picolinic < collidinic < dipicolinic < quina'dinic acid. 

Stability: Quinaldinic < dipicolinic < quinolinic < picolinic acid. 

For colorimetric analysis of iroD, quinaldinic acid may therefore be regarded 
as a very useful reagent. The only .drawback is that, on account of it,; high 
instability constant, a very large excess (25 times the theoretical amount) of the 
reagent is required for the pur~:~ose of estimation. While dipicolinic acid, which 
co1~1es next in order of sensitivity when used without KCN, cannot be used in 
presence of KCN, and hence loses its usefulness as a colorimetric reagent. From 
a consideration 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
naldinic acid. So far as the interference by foreign ions ill the case of these two 
reagents is concerned, there is very little to choose between them (RAy and Dose, 
Z. anal. C/Jem., 1933, 95, 400; Majumdar aud Sen· this Journal, xgso, 27, 245 ; 
Ar.al. Chim. Acta, 1953, 8, 369). 

DIPAR'I'IIfE:'ilf QF INORGANIC CS.EHJSTRY, 
lNDU"lt ASSOCIATION POR TBI CU.LTIVATION 

or Scii!KCE, CAJ.CUTTA-J2. 


