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INTRODUCTION

The formatmn of comple:tes with" meta.lhc ions of one or other of the three types,
1"\11 ‘F 11ﬂ q-nean 1‘\ .

’ .';muume, uuehmsed or cationic; has bwu the aim of much of the research in inorganic
i ;chroma.tography “To this end hgands of many types have been used: mcludmg thio-

cyanate1 ions and mtrogen bases- such as are discussed.in this paper. The combmatlon o
of tlnocyamc acxd and one or other of pyndme qmnohne and amlme in. the. samej};;
'solutmn however gives a solvent which effectlvely buffers the chromatogram and{';’f
favours the. formatlon of complexes of the type MPy,.(SCN)m whlch may have‘

ligand,

_ mterestmg propertles. — o
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results of the. tests Wlnch cornprised a series made using a noncomplemng
C104 a.s perchlonc amd :and a series containing only HSCN to supply the reaction

group as well as the six serles in which HSCN was used in con]unctlon w1th a mtrogen
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where necessary to :prevent hydrolysis. All solutions were 0.1 M except stannous
chloride and: mercurous nitrate, which were of indefinite strength, as. they were
stored over metallic tin and mercury respectively to prevent oxidation to the higher
valency form.

Preparation of thiocyanic acid solutions o ,
The thiocyanic acid was vacuum distilled from a c,o_ncéntrated solution of potassium
thiocyanate acidified with ro IV sulphuric acid. The volatile .thiocyanic acid was
collected in a gas washing tower, packed with glass rings, and cooled in:an ice and

water bath. The washing tower contained 100 ml distilled water before distillation,

and about 300 ml solution at the end of-the operation. For the varlous dlstlllatlons,

+11}S sclutlulla Lﬂlls\ad LLL Stl\olls Lll. f.l.Ull.l 2-5 .LnVLr +n 3 2 17"4‘ It W

to minimise its decomposition. : ,
An alternative method; which proved useful for the productlon of a less pure
thiocyanic ‘acid solution, depended on the low solubility of potassium perchlorate
to bring about the substantial completion of the reaction:. .. : : -
’I{SCN"+’ HClO, - KClO4 +”fHSCN
70-72% HCIO, to 18% HCIO,,
chllhng to 5° or lower, and addmg the exact quantity of saturated KSCN solution,
also at 5°, mixing thoroughly and standing the solution in a: refrlgerator overmght
The KCIO, and a certain amount of thiocyanogen were filtered off leaving a solution
over 3 M in HSCN and containing about 1 % of KClO,4. This solution was quite
satisfactory for the solvents described below but.was less stable than the acid produced
by distillation, - L ' :

‘The solvents

A preliminary test established the fact that a solutlon of th10cyamc ac1d in butanol
and water, at a concentration greater than o.5 M HSCN, would have no separate
absorption front, and all solvents were based on:this. In order to investigate the
combined complexing effect of the thiocyanate ion and organic bases, six solutions
were made mcorporatmg one or other of pyndme aniline and qumolme This would

TABLE I
SOLVENT PROPORTIONS BY VOLUME "

Solvent

. Constituent
. I 2 3 4 5 6 7 8§
' p-Butanol o ‘140 ‘140"  I40° 'I40° - I40 140 - 1I40°- 140
- Thiocyanicacid - @ . — = ..40. - 40 *.. .30 ..,.30 . - .30 - .30 ., . 30
4 N Perchloric a.c1d 40 _ = = — —_— —_ . =
“\Water G e et 10’ 1Ol 10 ¢ S {3 IO
.- Base O T T .53 ....88 .. 6.3 .103. .79 . I3
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make a salt of the pyridinium thiocyanate type. Solutions were then made containing
(a) a 30% excess of acid and (b) a 15 % excess of base. The comparison solvent;
containing perchlorate ions, was made from 4 M perchloric acid and n-butanol,
(The precise comp051t1ons of all solvents are given in, Table I.) ~

=) TATY
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ed throughout. 7
- For making solvents zand 3, 2.63 M HSCN was used, and forsolvents 4to 8 the

HSCN was 3.2 M. In all cases except No. 1, the HSCN concentration was adjusted
to 0.53 M before the addition of the base. In solvents 3 and 4 pyridine was the base
5and 6 amhne and 7 and 8 ‘quinoline. .

Prepamtwn of chromatograms

The chromatograms were made on Whatman’s No. 41 paper cut into sheets approxi-
mately 19 cmm by 28 cm. The metal ion spots were placed on the paper along a pencil
line drawn parallel to and 3 cm from a major side. Eight spots were placed on each
sheet, the first, 4 cm from one edge and then at 2.5 cm intervals. Each spot of about
0.02 ml was placed on the paper using a platinum wire loop such as that used for
borax bead tests. The sheet of paper was then coiled into a cylinder, 8.5 cm dlameter

nd hiah :‘1-\ p
ana J.y cm iigia, oYy uvuxlapplus thu short. Edg‘:ﬂ 1‘}’ 2¢cm a.ud securin

end at top and bottom with white sewing cotton. :

. The ‘spots ‘were allowed to air dry before runnmg the chromatogram and no
period -of hum1d1ﬁcat1on ‘was allowed. The- cyhnder was then lowered- into a petri
dish containing the developlng solvent which in turn was held in a development jar.
The jar was of glass 15 cm ‘diameter by 30°cm high, with the top edge ground flat and
closed with a squ_are_ of plate glass. In the bottom of the jar, and outside the petri

dish. 4 b 1 slaced ab 1 - i
™y A2 11fann~ wurac ianr~ro f=] I'\‘I‘I“’ NMATIT TY s
dish, dry »-butanol was placed about 1 hour prior to the tests in order to saturate the

atmosphere in the jar with the alcohol vapour.
- The temperature remamed at 24 to 28°for the series 'md the laboratory remamed
at 60 to 70% relative hurmdlty durmg the course of the experiments. Each run took

about 90 min and the llqu1d front rose apprommately I5 cm.

Locatwn of spots

(H,S gas and 8-hydroxyquinoline) were use
of the metal spots on the chromatograms.

‘ ~ The ﬁrst was used for As, Sb, Bi, Pb, Hg, Cu, Cd Ag, Sn, Au, T, Te. Chromato—
grams of these elements were exposed to st gas in a ]ar similar to the development
jar, for from 5 to 30 min.

CA solutlon of. 8-hydroxyqu1nohne (0.5 %) in 50% alcohol water? was used fo1 the
remammg metals After be1ng sprayed the prev1ously air-dried sheets were exposed
‘to.the _vapour."‘f I5. N aqueous NH,, in na developuwm Jar,covered with a g‘ass plate.
The exposure to ammoma vapour. took Io-Is min, except in the case of the Group Ila .
metals which required, a prolonged treatment. to remove the pyridine, an11me or

_qumohne from the paper, before the charactenstlc fluorescence became apparent

j Clirornatog., 7 (1962) 120—127
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An Hanovia ‘“‘Chromatolite’”’ was used as the source of U.V. light. The Ry value was
measured from the centre of greatest density of the spot to the centre of the original
positiori, and referred to the distance of travel of the liquid front. Consequently all

values- ‘were less than unity. All Rp values obtained are reported in Table II.

TABLE IT
: . Rp values in solutions Nos, 1 to 8
Ton used
: .o I 2 3 FRE 5 6 7 .8
Cust 0.14 0.54 0.24 0.28 0.72 0.78 0.72 0.67
- . ‘ 0.80 } Co 0.88 }
Ag 0.76 0.34 o‘.>8.6 o.80 _ 0.89 0.34 | .0.6“1.\
AuCly™ - 0.96, 0.96 0.92 0.68 0.95 0.92 0.93 0.85
Bes+ 0.40 0.60 0.58 0.58 0.74 0.73 ‘.72 " 0.74
Mgt 0.15 0.17 0.44 0.56 0.22 - 0.29 .0.33 - 0,41, |
Ca?t 0.08 0.14 0.34 O.44 0.17 o.21 0.25 0.30
Sra+ 0.08 o.10 0.2 0.30 ‘0.1X 0.15 "0.23 0.19
. Ba2t+ * —_ 0.08 0.2 0.26 . 0.10 —_ .. 0.1I5 0.14
Zn?+ . o.12 0.94 0.91 0.83 0.95 ,0.94 - 0.91 0.91
Cdz+ "o0.17 0.73 0.67 0.60 0.84 -~ 0.83 0,72 0.75"
Hg?+ .0:26° . 0.94- 0.89 -, 0.62 092 . . 086 . 0:88 . .o.-7g,_‘
. Alst 0.13 . 0.36 - 0.53 0.58 0.94 o080 . .. o0.58 0.76
‘Last+ * — 0.06 ‘0.12 o.10™" ' o0.07 T g1 T 0,04
:Celt ™. N 0.18 0.44 0.55 - 0.36 0.33 '. -0.42
[Ce(NOg4)y]2~ 0.06 0.02 0.02 0.15 0.02 -0,02 0.09 0.03
Ga’+ 0.14 0.85 0.58 .56 o.84 0.8'5 : 0.80 0.79 -
: InS+ © 0,22 . 0.96 - 0.55 .74 ° .0O. 7o_ S o og - 0.81 U c.85
T3+ * L — o0.307" 0.30™" 030" 0.35" o. 30 ... 0.30" 0.30"
[TiO(C,0,4) 12" — 0.74 0.49 0.20™"" o. 71 0.60™* - 0.76 : o.t0™"
Zrit+ * oo — o.10™" o.50™" o.20™" 0.90™ nil 0.80" o.50"%
Thi+ o0.08 0.40 0.52 0.50 0.56 0.32 o. 60 ‘ 0.56
Sn#t+ 0.73 0.69 0.67 0.64 o.80 0.84 0,74 . 0.74
Pbat+ * - 0.40™" o0.30™* ©.34 - o.10™" 0.34 ondls 0,390
Vo . ~.0.22 . 0.90 0.82 0.64 0.92 089  o0.90. o0.80
"AsOg8= ‘0.45 " 0.45 0.435 0.50 0.55° "o.57 7" 0.56 7 0.58"
CASO 8-t 0 L — -~ 0.50 . 0.52 0.35. Ce. i ie— o, .0.65.. .- 0.56 .
. SbO+ . * — . 0,14, 0.08 0.34 o.I1 . 0.25 0.30*"  o.r0
Bis+ * — 0.64 0.56 0.02 '0.69° - 0.70** ' 0.66: - '0.60""
SUIEY 03 o JNNERERSN . 0.14 0.28 0.55 0.58 0.38 . ©0.39 . . 0.46 . 0.53 ..
MoO, 2~ * — 0.95  0.86 0.30™ . 0.90 o.zo” 0.88 . nil
UO,3+ 0.28 0.88 0.80 0.64 0.90 "0.88 ‘0.0 ¢ 079
SeQgz2~ - 0.59 0.68 .0.58 0.42 .0.62 059 . . 064 . 058 .
. TeO,4% . . 0.12 o.08 . . 0.I4 0.19 0.08 o.12 . o.12 . O.II |
“Mn+ 0.14 C0.42 0.56 0.53 " 0.61 0.65 0.67 “r0iM73
Felt+ L 0.17 . 0.65 . | - 0.54 0.65. .. 0.70 .. 0.74. 10,73 ; ,10.33
. Feit 0.20 _.0.98 0.92 0.56 0.55 0,67 0,46, . 0.70 .
" Coft o.15 '0.82 0.62 ' 0.68° - 081 0.84- ' 0.81 e.75
N ‘0.12 L 0.42 - 0.54 ~.0.76 0.48 0.45 .. .0,66 . -08.53 ..
" Omitted from statistical treatment: - -
** Trailed from base line.
DISCUSSION

The important difference between solvents No. I and No. 2 hes -in the greater com-
plexmg power of the th1ocyanate ion than the perchlorate ion. In large excess, as is'the
“case in chromatography, ‘theé thiocyanate ion is known to form- anionic complexes with

J. Chromatog., 7 (1960) 120—-127
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certain cations and, as PICKERING* has shown, this can lead to greatly increased Rp

‘values for the metal ion complexes.
There is no direct .proof that anionic. complexes do form on chromatograms

except in those cases where distinctively coloured complexes are observed. These
haino limitad to cnn'h nnccihlae avammnlas ac "fn"-i- TTﬁ °+ T‘n3+ 12

nacae ara fawur
EUJQLU‘.U Caliipiivo aos

wAOwD QAL AL YY, UULI‘S ALLLLA L

Nevertheless, on the basis of PICKERING’S findings and the large changes found
between the Rp values obtained with solvents 1 and 2 in this work it is considered
reasonable to suppose that formation of [M#+ SCN;]#~% complexes which are anionic
do form in the cases given below.

Some of these complexes persist in the buffered atmosphere of solvents 3 to 8
while others form var1ants with the organic base and show significant changes in Rp

1 T~ A writh 1+h racnlie £ P s ' 1
value when compared with the results from soclvent 2. A third group shows: little
.

change between solvent 2 and the others and in this case it is assumed that the ion
remains as the complex thiocyanate. o

It will be seen then that the zones between the salt front and acid front for sol-
vents No. 3,5 and 7 were acidic and similar to chromatograms made using solvent
No. 2 while the zones between the salt and liquid fronts for solvents No. 4,6 and 8
were basic, containing butanol, base and water. Reference to Table II, will show that

amrmer ala 4o rivra amnnte nliictara
Lllally UJ.CA;LUI&LD s.lvu DLJU LD LilldLili o

role in such separat1ons.

‘The conditions for obta1n1ng a chromatogram buffered over its whole length _

would be sat1sﬂed if all adsorption fronts coincided with the liquid front i.e. a11 had
Rp values of unity.. :

Statistical basts fdr de scmmmatwn of vesults
ults from the above '
4 4

£ 3 iaAd + £ 47
i Variauce was CaLLleu ouL.on :.GP&" G.I. LIl Tresuiis Tiie apov reat-
i I),

ments. S1lver gave two spotsin both solvent No. 3 and No. 4, lanthanum, thalhum(

titanium, zirconium, lead, antimony (III), bismuth and molybdenum trailed in one

or more of the solvents. Results for arsenic (ILI), barium and cerium were incomplete
because of d1ﬁ”10ult1es in.locating the spot after the chromatogram was made. For
these reasons 12 of the 38 sets of results were. considered unsuitable and ormtted

Irom the statlst1ca1 trea.tment These have been marked with an asterisk in Table 11.

Armand wrmee

Thc d.ucu:y'S'rs gave agr rand mean of o 0.550. The test of axsurﬁbcuu. varia
ions gave F = 16.2 for 25 and 175 degrees of freedom compared with 2.4 rétjuired
for the o.001-level of significance. For the solutions, the results were F = 16.0 for
7 and 175 degrees of freedom compared with 4.0 at the o.0ox level. The results for

4o 2 n
Livil UCT

both jons and solutions could therefore be considered to dlffer srgmﬁcantly from a

chance distribution. - : ‘
The standard error: (S. E) of the treatment (solution) mean was 0.0275. It was

IS P Ly 2 A dland cranindinme Tnatixraa ...n......14-_ Femaa dlam Iman  den AL ...-..-.4.
LLITLICLIVLIC . \.ULIDLUCL (=18 § Lu.d.l. ch.ld.l.l.ullb UGLWDGJL Lbbl.u.l.b J.UL I.llb aaru idU1L, a4 aiiiereiit
solutions, which differed. by more than z X. S.E. = 3.29 X 0.0275 = 0.09 could be

taken as.indicative.of a chemicalreaction: occurnng between solvent components and.
the ions, resulting.in a new compound w1th dlfferent chromatographed charactenstrcs. '

J. Chromatog., 7 (1962) 120-127
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This will be called the level of significant change. Table III shows the ions, chosen
for statistical treatment, in the order of their change from the values obtained using
solvent No. 1 and the extent of this change.

TABLE I11
Multiple of “‘Level - .
Gr O"f’ of s1gm¢‘cant change" . fons
Less than r Mg?+, Ca%+, Sr3+
A I.I to 2 Cr3+
2.1 to 3 A+, Be?t
3.1 to 4 Thi+, Mn2+, Nij%+
4.1 to 5 Cu?+
R 5.1 to7 ' nn?“+ 1:.,2+ caz+
7.1 to9 VOi+, Fedt, C02+ Zn‘“‘ Hg?*t, Gas+, In3+

Four ion species showed less than 4 0.09 variation from their mean Rp for the eight
solutions. They were arsenic (III), cerium (IV), tin (II) and tellurium. Two ions,
gold ‘and selenium, showed slightly greater variations in solution No. 4. It is clear

that elements which had high Ry values in solvent No. 1 could show no great pos1t1ve

Al Qaamls 1~ T~ A -
change. Such a case may have been Au®+. This ion, placed on the paper as AuCl,

would presumably show little change if it travelled as [Au(SCN) 4
- It is perhaps significant that the results fell into two groups. The first group,
those which show a large deviation from the comparison Rr values was made up of
the elements with complete, or nearly complete a orbltals and included two ions
VO2+ and UO,?+ where near complet1on had been achieved with covalently bonded
oxygen. This is the B group of Table III. The other group contained those elements
where the 4 orbitala were far from complete with the one exception of mckel T.as
was called group A.

The area of discrimination between the two groups lay at about Group 8 of the
Periodic Table.

Although Cr3+, Al3+, Th3+, Mn?+ and Ni?+ all form complexes of the type
[M~z+L,]7»—* with halides or cyanides, there is little in the literature concerning the
thiocyana.tes ehcept for chromium. Here BJERRUM® has found that the reaction

<« wnnl

w1|-11 Llllubydlldl-c lb D].UW d-llu lL lb uulx}\t:l._y Lhdt Cllly Dlslllﬁbdllb qua.ul.u._y wuuxd fUllLL
in the time of the chromatogram. Mg?+, Ca?+, Sr2+, and Be?+ apparently do not form
complex thiocyanates. The behaviour of Ni?+ may be explained if the nickel com-
pounds of the formula K, Ni(SCN)g are double salts, as suggested in SIDGWICK!,
and if the nickel actually moves as the [Ni(SCN);]~ ion. None of these ions had an
Rp value exceeding 0.50 except Be?+ though here the change was low by comparison
with the others. It would seem that solublhty effects alone were responsxble for the
variation in Rp values. . : - : > ~

- In the higher group, B, all except two are elements w1th completed d orbltals.
The exceptions are VO?+ and UQ,%+. Of these; VO?+ is-known readily to form com-
plexes of the anionic type. The intense orange colour developed by UO;*+ ions in the

J. Chromatog., 7 (1962) 120-127



126 L. C. LOCK, E. C. MARTIN
presence of SCN— ions indicated the formation of a complex salt possibly of the type
being discussed. This opinion is supported by AHRLAND’S work?. Of the remainder,
Cu?+, Fe?+, Fe3+, Co?+ and Hg?+ thiocyanate complexes are well known, but there are

few references to complexes of the other metals.

The sensitivity of the reagents used to locate the spots after chromatogr:
the ions is probably not sufficiently high to react with very low concentrations o
metal ions or with those which are already very strongly complexed. However, those

spots which were found, appeared by their area to constitute at least go% of the
quantity of metal ion originally taken. |

Solvents with added bases

Those solvents containing nitrogen bases, Nos. 3 to 8 ranged in pH {from 3.0 to 8.7
(Table I). This resulted in the trailing of certain ions which form easily hydrolysed
salts at the higher pH range. This group comprised La3+, Ti+, Zn%+, Bi%+, and MoO 2~
While Pb2%+ showed the same phenomena in the acid solutions, where the acidity
was less than pH 7, it travelled as a discrete spot probably due to the formation of a
complex with the base. The overall plcture associated with this group of solvents is too
compléx to interpret on the above date alone and a more extensive statistical treat-

ment and investigation is planned for this purpose.

R4 values ’

POLLARD s Rp value® indicates the pos1t10n of the adsorptmn front but only in relation
to the surface of the solvent pool. This may be related to what may be called the R4
value, the ratio of the distance travelled by the liquid front, both measured from the
startmg point of the metal ions. The R value has no theoretical significance as does
the Rp value, but its use is convenient when comparisons between ions are bemg

TABLE IV
R4 AND Rp VALUES OF SOLVENTS

Solvent ..

r 2 3 4 5 6 7 s
Rp (a.c@d) . .0.95 . I.0 0.92 — 0.92 — 0.91 —_—
R4 (acid) 0.94 I.0 0.91 . —_— 0.91 — 0.90 —_—
Rp (sa.lfc)~ ‘ — o e— 0.57 0.64 . 0.83 0.86 0.75 . 0.76
R, (salt) L — — 0.51 0.59 0.81 0.84 0.72 .73

made or when considering the atmosphere in which an ion is submerged on a chroms-
togram. R4 may be calculated from Rp by the formula R4 = Rp—2x (1 — Rp)/d
where % is the height of the startmg line above the level of the solvent pool and 4

is'the distance theliquid front passes beyond the starting line. The values for the sol- -

vents used in this investigation are given in Table IV.

J. Chromatog., 7 (1962) 120-127
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SUMMARY

The chromatographic properties of eight solvents have been determined. The solvents
were n-butanol-water—perchloric acid, which was non-complexing, and seven com-
plexing solvents based on z-butanol-water—thiocyanic acid. The addition of one or
other of pyridine, aniline or quinoline to the thiocyanic acid solution resulted in

solvents which were buffered in the range pH 3 to pH 8. An analysis of variance

carried out on the results enabled criteria of complexing properties to be established.
It was found that these properties for the 38 ions tested were related to their elec-
tronic structure.
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