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PYRIDINE COMPLEXES OF COPPER (11)~POLYTHIONATES
AND THEIR ANALYTICAL APPLICATION

Gerhard He tnze

Zeltschrift fUr Anorganische Chemie 276 (1954) |46-154
(From German) '

SUMMARY

The tetrapyridine-copper (II)-salts of tri-, tetra- and pentathionic acld are well
drystalllsed compounds, stable when cold, which are distinguished by erystal form and
solubllity, and to some extent also by thelr colour (violet to blue). The most stable of
them, and at the same time the one which d1ssolves with greatest difffculty, 1s the
tetrathionate complex. )

only tri- and pentathionate are precipitated as slightly soluble luteo compouhds
by [DD(NHS)S]CIE from the three pDolythionic acids; 1in the supernatant solution 1t is then
possible to precipitate [cu(NCSHS) 4] 80g. Thus 1t 1s posslble to obtaln a good qualitatlve
determination of 840:5z in the presence of the other polythionic aclds and thio-sulphuric
acld, which has hitherto been impossible. )

Moreover, [Cu(NCBHE) J 840 With 1ts Cu content of only 10.5% 1s suitable for the
gravimetric determination of even small amounts of copper. A method is indicated for
the rapid and accurate determination of amounts of copper down to 5 mg, using the normal
analysls apparatus {accuracy +®.

- e o e e e o e v o e e ae e e

Although the polythlonates of varlous divalent heavy metals, e g gzine, manganese,
nickel and cobalt, are falrly stable if there 1s no dampness in the atmosphere, it is
" almost Impossible to obtaln stable, defined copper (II)~polythionates. Thus, v. DEINES
and CHRISTOPH [1]%, who described the preparation of numerous tetra~ and penta—thionates
from heavy metals, were only able to produce the corresponding copper salts very
transtitorily, as extremely wmstable substances. In a work on the even mors sensitive
heavy metal salts of trithionic acld MEUWSEN and HEINZE [2] were also unsuccessful in
obtalning from copper, In contrast to some other heavy metals, even one stable
trithionate. Even under the most careful condi tlons, sulphide separation occurred during
the attempt to procure its isolatlon. Stablllsation of Cu8;0, was only possible by
the formation of complexes; after the addition of pyridine to 1ts diluted, aqueous
solution, the crystalline, violet camplex salt [@(NCSHE) J §;0q (abbreviated to [CaPy4] 80g)s
which 1s very stable. ' T .
The very slight solubllity and low copper content of thils compound led to the
investlgation of 1ts suttabllity for a separation and welshable form of copper.
With this object, the complex tetrathionate [CuPy4] 840q» which had already been descrived
by CALZOLART {3] as very slightly soluble blue needles, was agaln prepared and tested.
Contrary to expectations, a pentathlonate with the formula [CuPy4] 8g0g « AP was also
obtalned and,thls asdistinet from tri~ and tetrathlonates, contalns water of crystallisation.
Te material consists of blue flakes which dissolve without too much difficul oy, remaining
stable for & few weeks but only 1f preserved 1n a cool situatlon.

* For refsrences, see end.
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MORGAN and BURSTALL [4]. after many frultless experiments with the oblect of preparing
" copper (II}-dlethylenediamingentathionate, came to the concluslon that the existence of such complex
pentathlonates was not possible, on account of the effect of nitrogen bases on 350;2. ve IEINES
and CHRISTOPH [1] also questlon the possibillty of obtainlng these compounds, because, through the
alkalinity of nitrogeneous complex~forming substances, such as pyridine or ethylene dlamine, the
pentathlonate would ‘decoripose to the tetrathionate with' the separation of elemental sulphur.

Ler P Lo s ce T i

Contrary to the sténementé of these author-s, noWever, whenlethylene diamine or pyridine 1s
added to dllute solutlions of entirely pure pentathionate, there 1s no appearance of turbldity
through the precipitatlon of sulphur. Thus, the addition of pyridine to the agueous solutlon of
Cug0, and Kzssoe results in the precipitation of the pure, complex copper pentathlonate. 0On the
other hand, the viclet crystals which were separated by adding aleohol to'a solution of CuSglg
which contained ethylene diamine, were always mixtures of tetra- and pentathlonates. The
substantially higher alkalinity of the aqueous solutlon of ethylene diamine (Kb = 8,5 . 10—5
compared with 1.7 . 10 for pyridine at room temperature) obviously causes partial decomposition
of the pentathlonate, although no separation of sulphur can be observeds

The three pyridine complexes are insoluble in methyl alcohol, ethyl alcohol end ether;
thelr solublility in water decreases from the pentathlonate, through the trithionate to the
tetrathionate. Apart from this the latter 1s also the most stable compound and at room temperature
1t persists for months without decomposing. - ' ot

By means 0f the copper-pyridine-polythionates 1t is possible to Till a gap which exlsts
in the qualitative enalysis of the polythionic acids,  Wnile there are good indlcator reactions
for the tri- and pentathionate, the reactions which are known for the tetrathionate also affect
the pentathionate equally,  The presence of 84052 can, even if only relatively small amouwats of
35052 are also present, be determined only by indirect means, .60 DY 2 Ser_les of quantltative
‘determinations; quallfative determination has hot yet been found possible [5][6). e systematic
investigation of microcrystal precipitations by CHAMOT and PRIGKENKAMP (7] particularly, likewise
brought no substantial progress in the case of tétrathlonate analysis. )

Although the ‘relatively easily soluble pentathlonate 1s not sultable for indication, the
violet crystals of [CuP.vé]SsOG‘ may possibly be used for identifying trithionic acld, assuming,
of course, the absernice of certaln anlons. A special interest, however, attaches to the blue
needles or ovlong prisms of the copper pyridine tetrathionate, because they permit direct
indicatlon of tetrathionic acld, even In the presence of other polythionlc aclds and thio-sulphuric
aclds If the greater part of these disturbing lons be elimlnated beforehand as very slightly
soluble luteo compounds with [Co(NHB)S] Cly whlch gives no precipltate with tetrathionate, 1t 1s
possible 'to carty out the process of 1ts ldentification in the remaining solution as [CuPy,)s,04
without dny speclal dlfficulty.

owing to the silght solubillty of this complex tetrathlonate In excess solution of reagent
and 1ts low copper content (10.5%), 1t can also be considered for the quentitative determination
of copper. The precipitates obtained under analytical conditions exhlblit e composition in
conformity with the formula: Dpersistent molsture can be eliminated rapidly with alcohol and ether,
_thus removing the tedious drying process st ‘elevated temperatures. This method has been proved
siccessful in the case of many other weilghable substances of gimilar composition, a3 has
been shown by SPACU and collaborators. We are familiar with determinations of divalent zinc,
mangafiess, cobalt, nickel, cadmlum and copper as tetrapyrldine, or dipyridenerhodanide, @. g.
(vepy ] (sa0, [8) or [cupy,)(san , (9], walch combine accuracy with speed; thelr low specificity
however, 1s an obstacle to a wider appllcatlion of these proceduress

Since, by contrast wlth copper, even moderately concentrated solutions of zlnc, manganese,
cobalt and nickel form no sparingly soluble complex salts In pyridine and tetrathionate-containing
solution, 1t seemed appropriate 'to.use [Cuy,] 8,0q for a rapld determination of copper, which
“could be appllied even Iin the presence of these lons. Unfortunately, however, the accompanying
metals become involved to a greater or lesser degres, even In hot condltions. By adhering to
definite working conditions, It 1s possible to carry out only the determination of copper In the
“presence of manganese; the zinc, nickel and cobalt content of the solution may amount to a
maximun of & few Der cent of the amount of copper.

on the other hand the separate operation for copper detemination was very satlsfactory
as regards the degree of preclslon. owing to 1ts speed and very low conversion ratlo (F = 0.1052),
the detemninatton as [uPy,}s,0q may ve advantageous in certaln cases. Thus, amounts of copper
as low even as 5 mg can be determined accurately, to 3% using the normal analytlcal balance and
ordinary apparatus. It will also be possible to make accurate determinations of small quantltles
of precipitated copper sulphide, after Ignitlon and treatment with pptaaslum,pyrosulphaue, as
[C,'uPy4]8406, where the Dprocess ot welghing as copper oxide would glve most warelisble resul ts,
owing to the quantity belng too anall or on account of impuritles.
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DESCRIPTION OF EXPERIMENTS

Starting materials: K,§0, was obtained accordinz to RASCHIG [10] by Introducing
; soz into a solution of NaF,.:ZOS and NaHED5 in the presence of arsenite and precipltaclon with
KCl.  Na 805 « 2H0 and K,S,0, were prepared according to KURTENACKER and LASZLO [11] and
.KURTENACKER and FLUSS [1 ”} from SOZ and Nazsgo with arsenite as catalyst. For obtalning
KZSSOG . *;1120 As(III) was similarly used as a catalyst to assist the conversion of thioc-
sulphuric acld into pentathionic acld In the method of STAMY, SEIPOLD and GOEHRING [13].
411 the salts were qulte pure after one recrystallisation.

Copper (II})=tetrapyridine pentanhionat,e. 2.50 g (= 10,0 rmol) 0113.)4 « B Hzo and
5.40 g (= 15.0 mmol) KZS 0 -23 Hzo ‘are dlssolved in 400.ml water. 15 ml pyridine 1s added
and immedlately stirred vworously. rapid séparation.of & blue deposit consisting of thin
.crystal flakes is produced. This 1s separated without delay, washed with water, and after
treatment with alcohol and ether {t 1s dried over sillca gel in-the evacuated desiccator.
The yield 1s about 5.0 g = 75% of the theoretical

[outnegig) s 05 - 2 1,0
. Calculated Cu 9.5 S £23.8 " C 35.7 H 3.6 N 8.3
Found 046,948 24.0,23.9 36.4 3.7 Be8

Copper (II)-tetrapyridine trithionate and copper (II) tetrapyridine tetrathionate:
By a simplification of.the methods of preparation referred to [2. 3] the two complex salts
can be obtalned in an.analozous manner to the pentathionate. Instead of KZSSOB use 1s made
0f 2,80 g (= 10,4 mmol) T{Zs o or 3.20 g (= 10.4 mmol) Nazs . 2 Hzo. The yleld of
[(:ul>.~y4]s5 o 18 about 4.0 g = 70 of [CuPyA]s about 5.7 g = 96% of the theoretical.

Distinction between 850 2 and 8406 A micro~drop (0.01 ml) of the solutlon to be
tested 13 mixed on the object slide wlth an equal volume 02 the reagent solutlon
(0.85 g Cu(Jl2 .« 2 ;H 0 + 8.0 g pyridine/100 ml); 1f .spontaneous crystallisatlon does not
occur, this can be stlmulated by scratching with a sharp-edged glass rod. If S
{= 0.02 molar) 1s present, rectangular, violet crystals appear (Fiwure 1). Limit of
detection: .40y 350 =% 1imit concentration: 1:250.

: In Qhe case.of .the tetrathionate (2 0.02 m) there 1s imm dilate separation of needles
or elongated prisms (Fiaure 2), walch, In contrast to the trithionateé crystals, show a pure
blue coloration. Limlt of detection: 127§ g 2% linit concentration: = 1:880. With
lower concentrations down to 0,005 m scracching wlth a needle 1s necessary to produce the
crystals.. . - ’

The blue cryscals of the pentathionate (Flgure 3) appear only from a falrly concentrated
solution; they have almost no significance for the ldentification of 85 62‘

Determination of S 062 together wi't,h the other polythionates: and other dlsturbing anions:
Wen S 062 and tri- or pentathionate are present simultaneousiy, there. is always formation of
pecullar growl:h forms of mixed crystals with a predominating tetrathlonate content. For .
perfect ldem:ificat:lon of S4OG » therefore, the greater part of the other polythionates must
be removed, a procedure which 1s posslble by precipitation with cobalt (III)—hexammine chloride.

A few drops af the axperimental solution are gradually mixed in the.pointed capillary
tube with small amounts of extremely finely ground [CO(NhS) ]Clg. each time the precipitation
of the luteo salts 1s.brought about by vigorous trlturation with a glass rod, and the solid
reagent ls added until the:solutlon 1s coloured yellow by the excess. Centrifuging is then
performed. and a drop removed with the caplllary tube; this 1s then tested, by the addition of
copper chlorlide-pyridine reagent and seeding for § 0 2 With very low concentrations, the
crystals do not appear before 510 minutes. o

[cofmig) Jc1y 1s also the means of removing the disturbing tons I, 8,057 and 8,055
The lodide would later give the insoluble Cul with the reagent, In g moderate concentration
(> 0.1 m) dithionate with CuCl, and pyridine would produce a preclpitate similar to the 830";2.
which would make 1t more difficult to recognise the [CuP.V ]S OG crystals, Speclal care must
be taken to ensure that thiosulphate is completely elimme.ced as regards ‘1ts use as a luteo
salt because, In accordance with .. . .

BN + 2 CuTF C3,8,05 + 8,075,

it would glve, with the reagent solutlon, exactly the substance to be ‘determined, 540:32.
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With the precipltation of ra.lrly large amounts of luteo salts the solutlion loses some
S 06?' 50 that the sensltlvity glven gor the separate determlnation of tetrathlonate is not quite
-achieved. In tests with G02m 34 6 “ golutions the determinatlon was still quite successful, even
with the 20~fold molar excess of the aclds mentloned, especially too, the penr,athionlc« acld;
corresponding blank determinations always produced negatlve results. as, BI‘ » Ncg. 8342 have
no effect on the determination and similarly, ammonium salt up to & 0.5 molar concentration does
not influence the sensltivity at all.

.Separate determination of copper: For quantlitative precipltation _,_of CODDEr a concentration
of about 1 g tetrathlonate and 4 ml pyridine in 100 ml precipitation volume ls sufficlent.
An excess is not harmful. In g still solutlon the complex salt 1s only precipitated slowly;
by stirring either more or less vigorously 1t 1s possible to produce at will elther fine or
coarse crystals, In all cases the deposit is very readlly filterable and waghable and does not
adhere to the glass wall.  The method was checked by means of a 0uso4' solution with & content of
exactly 1 mg Cu/mi, the titration standard of which was verifled aelectro-gravimetrically. s}
deter’ninacions as [CuPy ]S 0g Were carried out as follows:

The neutral, or very weakly acld solution. whleh should contaln 15=50 mg3 Cu, 13 diluted
to about 80 ml, mixed with pyridine to a dark blue coloration first, and then with anosher 4 ml.
More strongly acld solutlens are first almost neutralized with NaOH. On the addition of 1 g
sodium or potasslum tetrathionate (dlssolved in a few ml water) the precilpltate appears elther at
once oOr = in the case of small amounts of copper ~ after stirrinaz. After some minutes, complete
precipitation of the complex salt will be effected, by stirring with a glass rod and the'n. when
the supernatant solution ls no lohgerrblue inm colour, cooling is carried out by standing for half
an hour in ice-cold water; with frequent vigorous stirring. The solutlion i{s then filtered at
a pump on an A 2 porcelaln fliter erucible or a 1 G 4 glass filter crucible. For transferring
the remalnder of the precipitate Into the crucible, the filtrate ls used, or if this ls not
pemissible, a similarly cooled solution 0f equal reagent-concentration (= 1 g tetrathionate
+ 4 ml pyridine/100 ml). The outside of the crucible 1s well wiped and the precipitate 1s dried
by washing three times ab the pump with 1-2 ml absolute alcohol to which pyridine has been added
‘in the amount 8 mi to 100 wl. Each €£ime, the suction 1s stopped, . and the alcohol sllowed to
run down the whole crucible wall by means of a thin zlass rod, and is then pumped off. There
follow 5~10 washings (according to the amount of precipitate) with a micro-wash-bottle using
small portions of absolute ether, contalning pyridine (1oo_m1 ether + 15 drops ‘0f.pyridine}.
The crucible 1s then rinsed again ocutslde and evacuated In a deslccator charged with silica gel.
After 10-15.mimites weighing 1s carried outs F = 0,105% log F= 0.02188 - 1.. Time required:
1 determination takes about 60 minutes, 4 determinations about 90 minutes includlng the cleansing
and welghing of the empty crucible. -

According to the analyses shown In Table 1. the metihod glves accurate results over a wide
range, for equal addltions of reagent and equal volumes of precipitate; with very low concentrations,
however,. the: values come out too low. Accurate determination of copper 1s pessible, however, as
goon - as work 1s carrled out with the same reagent concentration 1n smaller volumes. If, for
example, a solution contalning only about 20 ml 1s preclpltated with 1 ml pyridine and Q.25 3
tetrathionate, then, 1f the procedure 1s followed without other modificatlon, very accurate values
are obtalned, down to 5 mg copper. With still amaller copper contents the method becomes uncertain
once more .but, of course, on account of welghlng errors the limit of applicatlon of ordinary
analytical balances hag then almost been reached. I Table 2 are shown the valugs for & sSerles
© of determinations which, on account of ‘the small volumes and amounts of precipltate, can be
cgrried out particularly guleckly. In this case single welighed amounts of Dure CuSO4= [} HEO.
measured out in the measuring flask, were analysed.

The presence of alkall salts has no effect on the accuracy of the determlnation; in the
analyses in Table 1, up to 3 g KCl or KHSO was added in some cases before precipitation. on
the other hand, Interference is caused by complex- formlng -substances such as NHi a tartrate, etC.,
whilch combine with Cu to form stable complex lons. Ammonium salt also, even ln moderate
concentration, interferes in the quantitative separation of copper. For example, with the
addition of 1 g NH,Lcl/lOO ml the Cu—value came out too low by 1.0% with the addition of 2 g
‘NH CI. .2% :

Separation of copper from manganese{ Coprecipltation of manganese can be prevented Lo
a high degree by precipttating the greater part of the copper 1in the presence of an. approximately
equal amount of tetrathlonate and only tnen adding an excess. Purer precipltates are also
obtalned if, 1in additlon'to free pyridine, a little pyridinium salt is also added. The procedure
1s as follows: '

* For Tables, see end.
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The neutral solution, walch should be about 80 ml, 18 mized first with 5 ml approximately
normal HCl1 or 1 g KHE0 4 then with 6 ml pyridine. 1 z tetrathionate 1s dlssolved in 10 ml water
and at first only 2 ml is taken for analysils. After allowing 1t to stand for a short time a
preclpitate 1s brought down by stirring and then the remaining 8 ml 1s added in small quantities
during the course of some minutes; while this is happening the precipitate 1s agitated each
time by vizorous stirring, It is then put into ice and the procedure which follows 1s the
same as that for the separate determination of copper (Control analyses; Table 3).

When more than 5-10% of cobalt, nickel and especlally zinc 1s present the values for

the copper become too high; smaller amounts of the above forelgn metals, on the other hand,
hardly have any effect on the determination as [cu(méis) A80¢
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TABLE 1
EXP.NO. STANDARD WELGHED COPPER/me RELATIVE
SOLUTION AMOINT GALOLITED | FomD ERROR
[cupy,)s,0, %
ml mng
1 100. 00 953.2 100,00 100.24 + 0.2
2 100. 00 953, 5 100, 00 100,26 + 0.3
5 50.00 75,1 5000 49,97 - 01
4 50, 00 476.4 50,00 50. 00 -
5 50. 00 73,0 50. 00 40,84 - 0.3
8 50. 00 D63 50,00 49,9 -
7 25400 236.8 25.00 24, 90 ~ 04
8 26.00 237.2 25,00 24.95 - 0.2
9 25, 00 7.7 25.00 25.00 -
10 26,00 237.9 26.00 25.02 + 0,1
11 £25.00 237.6 25,00 24,99 -
12 254 00 28,2 254,00 25,05 + 0.2
13 20,00 190,9 20,00 20.08 + 0ud
14 20,00 190.7 20,00 20.08 +0.3
15 20.00 190.7 20.00 20,08 + 0.3
18 20,00 190.9 20,00 20.08 + 0.4
17 20.00 160.9 20,00 20.08 + 0.4
8 £0.00 100. 5 20,00 20,05 +0.2
19 15.00 142.2 15.00 14.95 - 0.3
20 15,00 142.5 15.00 14,59 - 0.1
21 15.00 142.1 15.00 14,04 - 0.4
22 15.00 142.5 15.00 14.99 ~ 0.1
23 15.00 142.5 15.00 14.99 - at
24 15. 0 142.1 15,00 14.94 - oa
TBLE 2
EXP.NO, WEIGHT OF WEIGT OF COPPER/Mg. FELATIVE |
o, . 5aq | [Py 5,0, [Ticmamen | FouD ERROR
ng ng %
25 237.5 . é 1.7 2.0 | 1208 - 0.3
26 2876 + 4 115.1 12.10 12.10 -
27 237.8 . g 114.8 12,10 12.07 - 03
28 7.8 . % 114.7 12,10 12.06 - 0.3
29 172.6 . 4 8.9 8.78 8.82 +0.5
30 172.5 . é 83.7 8.7 8.80 +0.2
21 wra.d 1.2 7.50 7449 - 0.1
z2 147.4 . -Jé .3 7.50 7.50 -
33 147.4 . 4 7.4 7.60 7.51 + 0,1
54 7.4, 4 7.2 7.50 7,49 - 0.1
35 22.9 . % 5041 8.28 8.22 - 0.8
36 122.9 . é 59.5 6426 6,26 -
37 122.9 . & 59.2 6.28 8.23 - 0.5
8 104.1 . 15 . B0.5 5,30 5431 +0,2
30 104.1 . é 50.5 5430 5.31 +0.2
0 104.1 . 715 50,5 5.30 5o 51 +0.2
a 4.1 . 4 50. 4 5,20 5030 -
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TABLE 3
EXP.NO. | STANDARD | FOREIGN | WEIGHT OF COPPER/mg RELATIVE
SOLUTION METAL [0aPy, 18,06 | "oarcoraten] romD ERROR
mi ng mg L4
MANGANE SE
42 26400 10.0 287.0 | 25.00 25,02 | 4 0.1
43 25,00 | 260 2307 25400 25.00 -
44 265.00 25.0 2380 25.00 25,08 + 0.1
45 26,00 25.0 237, 5 25.00 24,98 - 0.1
46 25,00 25,0 236.6 25.00 25,09 | - + 0.4
47 25,00 5.0 238.7 25,00 26410 +0.4
8 25,00 50,0 238.1 25.00 25.04 +0.2
48 25.00 50.0 238.7 26,00 25-_10 + 0.4
50 50. 00 25,0 6.4 504 00 504 10 +0.2
51 50. 00 50,0 £78,0 50.00 50.08 +0a1
NIKEL
52 26,00 1.0 236.8 25,00 24.90 - 0.4
58 25,00 2.0 236,53 2500 26.08 + 0.2
54 25.00 3.0 237.7 25,00 265400 -
55 25,00 2.0 25841 25400 25,04 +0.2
56 25,00 540 239.2 26,00 25,18 + 0.8
COBALT
57 25,00 1.0 237, 4 26,00 24,97 - 01
58 25.00 2.0 237.1 25,00 24,94 -0.2
50 25,00 3.0 237.8 25,00 25,01 -
60 25.00 4.0° 239,68 25,00 25,20 +0.8
61 25,00 5.0 240.3 25.00 25.27 + 1.1
ZINC
62 25,00 1.0 2381 | 25.00 25,04 +0.2
63 £5.00 2.0 239.1 | 25,00 25,15 +0.6
64 25,00 3.0 241.1 265.00 25,38 + 1.4
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Fig.l: Crystals of [Cuby JSpg  Fig.2: Crystals of [CupyJs o
(Magqnified x 60) (Magnified x 60)

Fig.3: Crystals of [CuPy JS0; .
2 H20 (Magnified x 60)
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