
TXE BLUE SALT OF FEHLING’S SOLUTION. 725 

LX1X.-The Blicc Scclt of Feeh l i ~ y ’ s  Solution awi! othe?* 
cup 9’0 t Q I t.1 ’a t e s. 

By ORME MASSON, M A , ,  D.Sc., and B. D. STEELE, B.Sc. 

Electrolytic Experi.riie~ts, 
Is the course of the iiivestigation by oiic of us of a new inetliod for 
the direct comparison of ionic velocities (L’hiZ. Ymms., lSO9, 192, 331), 
i t  became desirable to ascertain whether the blue salt of Fehling’s 
solution owes it,s colour to its positive, or, as seciiied more likely, to i t s  
negative ions. I n  the experiment adopted to test this question, it was 
necessary to have tho blue solution as free as possible from escess of 
alkali. It was therofore prepared in the following manner. Pure 
cupric tartrate mas made by mixing solutions of cupric sulphate and 
Rochelle salt in the proper proportion, and washing the sparingly 
soluble, blue, crystalline precipitate (C:uQ,H,O, + 3H,O). This was 
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726 MASSON AND YTEELE: THE BLUE SALT OF 

then mixed with a little water, and caustic potash solution was added 
slowly, with continual shaking, until almost, but not quite, the whole 
of the precipitate was dissolved. The clear, filtered liquid had the 
appearance of Fehling’s solution, but was perfectly neutral to litmus. 
Two flasks, provided with side necks, were connected with each other 
by a straight, horizontal glass tube, 12 cm. long and of narrow bore, 
the ends of which were covered with short pieces of rubber tubing 
and thus made to fit tightly into the necks. Before making this con- 
nection, however, the tub was filled with a transparent jelly containing 
sodium chloride in  the proportion of a normal solution and 12 per 
cent. of gelatine. Platinum electrodes were placed in the flasks, which 
were now filled with the deep blue neutral solution, and the electrodes 
were connected with a battery giving an E.M.F. of about 40 volts. 
The apparatus was placed in a bath of cold water, deep enough to 
cover the tube and reach to the shoulders of the flasks, in order to 
counteract the heating effects of the current. It soon became mani- 
fest that  deep blue anions were travelling through the tube, and that 
the cathions of the solution (presumably I<) were colourless. The 
experiment was continued for some hours without affecting this 
result. The platinum cathode was then found to be plated with 
copper, which was undoubtedly due to secondary action of the dis- 
charged Na ions, for the blue ions had been visibly travelling away 
from the calhodc all the time. The experiment is an  easy one to carry 
out, and illustrates very prettily the theory of the formation of 
secondary products in electrolysis and its application to electro-plating , 

A second experiment was then performed, in which the flasks con- 
taining the anode and the cathode were filled respectively with cupric 
sulphate solution and with the deep blue solution, the tube being filled 
with the jelly as before. Two blue boundaries were now seen to advance 
through the tube in opposite directions, a deep blue one moving from 
the cathode end, as in the first experiment, and a paler blue one moving 
towards it from the anode cell. Thus the contents of the tube became 
divided visibly into three parts-light blue cupric chloride jelly at 
the anode end, colourless sodium chloride jelly in the middle, arid 
deep blue sodium-cuprotar trate jelly a t  the cathode end-of which 
the coloured parts were gradually increasing in length at the expense 
of the intermediate colourless one. The tube mas graduated, and 
from experiments which are fully discnssed in the pn,per already referred 
to, i t  was known that the visiblc boundaries should travel with velocities 
having a certain relative valuo (approximately 2 : 3), and should there- 
fore meet at a certain point in the tube, provided that t l~ey  were the only 
bouiiclaries in the jelly, and that no invisible anions, escept those of 
the chlorine of the original jelly, were travelling ahead of the dark 
blue ones. I t  soon was evident, however, that  the expected ratio of 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
99

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Ir

vi
ne

 o
n 

31
/1

0/
20

14
 0

1:
52

:2
8.

 
View Article Online

http://dx.doi.org/10.1039/ct8997500725


FEHLING’S SOLUTION AND OTHER CUPROTAHTRATES. 727 

velocities was not being maintained; and the cause of this was mani- 
fest when the light blue boundary, on reaching the calculated mark, 
while the dark blue boundary was still some may off, suddenly formed 
a pale blue precipit:tte as a septum across the tube. This proved that 
the dark blue solution contained, besides the coloured anions, some 
other, faster, colourless kind, which had the power of forming an  in- 
soluble cupric salt, The probability was that they were the ordinary 
tartaric ions; and, if so, the reaction between copper ttirtrate and 
caustic potash, by which the deep blue neutral solution was prepared, 
could not be so simple in its character as was at first assumed.* 

Synthetic a I Exiieiviment s . 
It was evident that further light might be thrown on the question 

of what occurs in this reaction by ascertaining the exact quantity of 
alkali required for the production of the neutral blue solution. The 
following experiments mere therefore performed, using caustic sods as 
the alkali, and may be taken as confirmatory of Kahlenberg’s state- 
ment (2eit.physikcd. Chem., 1895,17,590), that when caustic potash acts 
on copper tartrate, 63 per cent. of its equivalent (that is,CuC,H,O, takes 
0.63 of 2KOH)  is required to completely dissolve the salt and to 
develop an  alkaline reaction. Kuhlenborg, however, maintained tha t  
the blue salt is produced by interaction, in the proportion 
CuC,H,O, : KOH, and represented i ts  constitution by the formula 

Cu*O*CO*CH(OH) CH(OH)*COOK. 
O<C~~~O~CO~CH(OH)~UH(OH)~COOI(  

It will be shown that this theory does not correctly represent the 
facts. 

Precipitated copper tartrate was thoroughly washed and dried a t  
106’. At this temperature, it loses its water of crystallisation mith- 
out further decomposition, as was proved by combustion : 

0.5151 gave 0.4290 CO, and 0.0999 H,O. C = 22.71 ; H= 1.96. 

Small quantities of this dry siilt were then tested in stoppered flasks 

* After the esperiiiiciits described above had been performed and some further 
progress had been made with this investigntioii, the May (1898) iiuniber of the Jonnial 
was received eoiitaiiiiug ail abstract of n paper in thc Zc i tdu f t  f iir Elcttroclionic 
on Ionic Reactions, by F. W. Kuster (Abstr., 1898, 74, ii, 2052, in which the 
rlegative clinrnctcr of the 1Jluc ion of Fdiliiig’s solutioa is p r o ~ e d  by mi exl~eririient 
similar in principle to ours. Iiiistcr’s original paper is not obtsiiinble in Melbonrne. 
Earlicr, but less direct, evidence of tlic saiiie fact was given by Louis KahleiiLerg 
(Zcit. physikn2. CJzcnt., 1895, 17, 556) in an important paper on coniplex tartrates. 

CuC,H-,O, requires C: = 32-69 ; H = 1.90 per cent. 

3 c 2  
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728 MASSON AND STEELE: THE BLUE SALT OF 

with N/B caustic soda solution. I n  each case, the alkali was added in 
successive portions, and the flask was well shaken and then left after 
each addition in order t o  give the salt every chance of dissolving. 
As the end of the reaction (complete solution) was approached, the 
undissolved salt had a tendency to remain suspended in the deep blue 
liquid as a silky turbidity, which slowly settled domil as a precipitate if 
moye alkali were required, or equally slowly went into solution if enough 
liad been added. This made i t  possible to hit tlie end point with fair 
accuracy, the resulting solutions being tested with litmus paper, 
which was then rinsed with water to remove the blue copper com- 
pound. The following results were obtained : 

Grams of C.C. O f  N/2 Ratio, NlOH 1 Reaction to 
CuCJI,O,. NaOH. CuC4H40,,’ litmus. 

A 1.470 17.13 1.23 Neu tral. 
B 1.149 13.65 1.26 Faint alk. 
c: 1.338 14.63 1.25 Faint alk. 
D 0.554 6.73 1-23 Ne ii t ral. 

A fifth esperiment oil a slrisll sctile was nude  by iiiixiiig copper 
sulphate and tartaric acid solutions, in molecular proportion, and 
running in sufticient caustic soda to first neutralise tlie acid and then 
dissolve the precipitated tartrate. The result showed, as is natural, 
that  the action is not altered by the presence of sulphates, which 
must be present mheu Fehling’s solution is prepared in tlie ordinary 
may, for the ratio of total NaOH to CuSO, WRY 3.17 : 1, or that of 
the extra NaOII to CuC,H,OG was 1.17 : 1. Tlie fact that there was 
a considerably larger relative volume of water present in this case 
may explain the small diff ereiice between it nncl the other experiments, 
for cupric tartrilte has a distinct, although small, solubility of its own, 
which is given as 1 in 1700 in \Vat,ts’ Dictionary. If an approximate 
correction for this is applied, it is evident from a11 the experiments 
that  the true ratio for the action producing the neutral blue salt is 
very close to NaOH : CuC,H,Oo = 1.25 : 1. 

This result was confirmed by preparations on a larger scale in which 
both caustic soda and caustic potash were used for the solution of pure 
cupric tartrate. Thus it was found necessary to employ 325.5 C.C. of 
normal canstic sotlii foil the coinplete solution of 54.18 grams of the 
d t ,  :ind 331.0 C.C. of normal caustic potash for that of 56.02 grams, 
giving the ratios respectively as 1 9 7  and 1.25 (as compared with 
Kahlenberg’s potash ratio, nainely, 1 *26), the action with litmus show- 
ing that there mas n slight excess of alkali used in the forinei- 
case. 

These synthetical experiments, read in tlie light of the second 
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FER1,ING’S SOLUTION AND OTHER CUPROTARTRATES. 720 

electrolytic experiment, which suggested that a tartrate is formed at 
he same time as n blue cuprotartrate, make it probable that the 

action may be such as is expressed by the equation : 

in  which, however, the formula of the second product may require 
modification by the inclusion of more or less of the 5H,O. That such 
an equation reillly expresses the reaction has been fairly well estazb- 
lislied by tho analytical work to be described in the sequel. 

Po ~ ( C P S ~ U V ~  an rl Sod i m  1 C y w o  t ct vtrcct es . 
When about twice the volume of strong alcohol is added to the 

deep blne neutral solntion obtained as already described, n crystalline 
blue precipitate separates, leaving a colonrless, supernatant liquid. If 
the solution prepared with caustic potash, instead of caustic soda, is 
used, the blue salt tends to separate as a gummy mass, but this 
may be avoided by adding tlie alcohol gradually. It mas found, in 
both cases, that  the clear liquid, on standing, yields a growth of 
delicate, colourless acicular crystals. A complete separation of these 
from the blue salt is easily accomplished by washing the latter 
repeat,eclly with clilute alcohol (2 vols. alcoliol to 1 vol. water) in which 
it is quite insoluble, so tha t  there is no difficulty in  obtaining the 
cuprotartrate in a pure state. The colourless crystals obtained in the 
caustic soda reaction were carefully tested by comparison with sodium 
tartrate crystnllised from dilute alcohol ancl also by conversion into 
the calcium and silver salts, ancl their identity with sodium tartrate 
mas thus placed beyond question. The quantity of this product is 
always small in comparison with that of the blue salt, and, so far as 
could be judged without exact quantitative estimation, the proportion 
is in keeping with requirements of the equation just given. 

The purified cuprotnrtrates of the alkali metals are freely soluble 
in water, giving perfectly neutral solutions of the characteristic deep 
blue colour. Although precipitated by alcohol, they contain water of 
crystallisation, which they lose, or partly lose, a t  100’ ; anhydrous salts 
cannot be prepared in this n~ny, however, as the dehydration is accom- 
panied by a decomposition involving formation of cuprous oxide, 
which subsequently separates on treatment with water. This 
reducing action also occurs to an appreciable extent when the fresh 
solution of the pure salt is boiled for a few minutes, or when it is left 
at the ordinary temperature for a few clays. The solid sodium and 
potassium salts apparently differ in their degree of hydration; the 
former mny be exposed to  the atmosphere witliont change, but the 
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730 MASSON AND STEELE: THE BTAUE SATAT OF 

latter slowly deliquesces and forms dark blue, oily drops which 
wentually form an enamel-like solid. When a solution of the 
potassium salt is poured over a smooth plate, it rapidly dries to a 
glassy, blue vi~rllish which cracks of1 in a form exactly similar to that 
of the so-called scale preparations of the British Pharmacopeia, and 
differing from them only in colour. This behsviour is doubtless due 
to the formation of a higher hydrate than the crystalline one obtained 
by precipitation with alcohol. 

When heated below redness, these salts undergo rapid decomposition, 
and scnt.ter in a manner suggestive of mercury sulphocymate, leaving 
a residue of mixed alkali carbonate and copper oxide. 

The potassium salt, procipitated and purified by nlcohol, dried on a 
porous tile, and subsequently left for eight days over sulphuric acid in 
a vacuum, was analysed in the following manner. Two portions were 
used for combustion which gave the total hydrogen and all the carbon 
not retained as carbonate in the residue. This residue could not be 
weighed, as it was impossible to prevent it from scattering beyond the 
porcelain boat. TWO other portions mere very carefully heated in 
covered porcelain crucibles and finally ignited strongly without the 
lid. The residues, after weighing, were dissolved in nitric acid, and 
the solutions used for estimating the copper by electro-deposition 
and the potassium as sulphste. In all four experiments, it was found 
that the porcelain boat or crucible was slightly attacked. This meant 
necessarily a higher percentage of carbon in the combustion than that 
calculated from the formula and a correspondingly smaller amount 
of carbonlin the residue, since some of the carbonate of the latter was 
converted into silicate. The difficulty could hardly be avoided, as it 
was thought unsafe to use platinum : it seemed fairest, therefore, t o  
calculate the CO, of the residue, uot from the equivalent of the 
K,O, but by differelice after deducting the Ii,O and CuO ; its quantity 
was insufficient for direct estimation. 

I. 0.3496 gave 0.1864 CO, and 0.0644 H,O. 
11. 0.4639 ,, 0%48 CO, ,, 0.0860 H,O. 

111. 0.9895, on ignition, gave 0.5569 residue, yielding 0.2804 Cn 

IV. 0-7S55, on ignition, gave 0.4344 residue, yielding 0.2216 Ca 

These figures give the percentage results tabulated below. 

and 0.2944 K,SO,. 

and 0.3338 Ki,SO,. 

Con- 
sideriition of the carbon results and of the figures for the residues after 
ignition show that the action of the nlkdi carbonate on the porcelain 
fully explains the only notable discrepancies between the found and 
calculat ed values. 
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FEHLING’S SOLUTIOK AND OTHER CUPROTARTRATES. 731 

I. IT. 
- - K ............... 

C U  ............ 
U’ .............. 14.54 14.3!, 
C” 
I€ ,.. ............ 2.05 3.06 
0 ............... 

-. . -_  

- - .............. 

- - 

111. IV. Means. 
13.33 13.34 13.33 
35-34 25-39 28.36 

14’47 1.23 1 1.30 1.16 
-. - 2.05 
- - (40.56) 

- - 

Calcu- 
lated. 
1 3 0 3  
28.24 

l::;: 1 
1.90 

40.85 

Residue after } - - 
ignition 

100.00 
56.3s 55.32 55.85 

1 oo‘oo 
58.33 

The calculated percentages are those corresponding to the formula, 
I<,C,,Cii,H70,, + 5H,O, already suggested by the synthet’ical experi- 
ments ; it may, therefore, be regarded as established, although the 
possibility exists that a portion of the 5H,O is present, not as water of 
crystfallisnt,ion, but as pnrt of the acid radicle. 

Insoluble Cupotaytrcctes. 

A solution of potassinm or sodium cuprotnrtrate gives insoluble, or  
spnringly soluble, amorphous precipitates when mixed with solutions 
of the following salts :- 

B;t(NO,),. Granular, light blue precipitate, soluble in excess of the 
alkali salt. 

AgNO,. Light blne precipitate, very sparingly soluble in water ; 
tiecomposes on exposure to light. 

Pb(NO,),. Light blue precipitate, very sparingly solnble in water, 
or in  excess of either solution. 

CuS04. Blue precipitate, darker than any of the others; fairly 
soluble in water and in excess of the alkali sa l t ;  not formed with 
dilute solutions. 

ZnSO,. Light blue precipitate; more soluble than the copper 
salt. 

FeCI,. On slowly adding dilute ferric chloride solution, the 
following characteristic changes occur : first a green solution is 
formed, then a bright green precipitate, dissolving in excess to a clear 
yellow solution, which, on standing, quickly deposits a copious yellow 
precipitate. 

Whilst the last of these reactions probably involves more compli- 
cated changes, the others seem to depend simply on the formation of 
cuprotsrtxates, in which the heavy metals take the place of the 
potassium or sodium of the blue soluble salt. Only the lend and silver 
salts have been examined with much care as yet, and of the others 
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732 MASSON AND STEELE: THE BLUE SALT OF 

the copper cuprotartrate is interesting as presumably containing the 
same metal in two capacities. 

Leud Cuprotm*trute was prepared by precipitating the potassium salt 
with lead nitrate solution. The precipitate, after thorough washing, 
was dried over sulphuric acid in a vacuum, and when analysed gave 
numbers which indicated that its composition corresponded to  that 
required for the formula Pb3(C12H!,Cii4019)2 + 34H,O. It is doubtful, 
however, whether the salt examined can be regarded as a definite 
hydrate, and, moreover, it contained some impurity, probably lend 
nitrate, arising from the well known habit that some precipitates have 
of carrying down soluble salts and refusing to part with them on 
mashing. 

h’iZveq* Czcprotnrtwtte. 
This was prepared by adding silver nitrate solution to potassium 

cuprotartrate, a rather large excess of the former being found necessary 
for complete precipitation. It was washed, dried on a porous tile, and 
placed in a vacuum desiccator for two days, the work being carried out 
in a dark room, as it was found necessary to guard the salt from the 
action of light. Two portions were then subjected to combustion, a i d  
the residue from one of these WRS dissolved in nitric acid for the 
estimation of silvei- as chloride and of copper electrolytically after 
removal of chlorine. A third portion was ignited and used similarly 
for silver and copper estimations, another portion being employed 
for estimating the water lost by heating at 100’ in the dark for 2 
hours, no fnrther loss occarring after heating for an additional 21 
hours. 

I. 0.6530 salt gzve 0.2840 CO, and 0,1331 H,O. 

which gave 0,2704 AgCl and 0.1’724 Cu. 
11. 0.7869 ,, ,, 0.3451 CO,, 0.1605 H,O, and 0,4194 residue, 

111. 0.7663 mlt, on ignition, gave 0.4102 residue, which gave 
0.2643 AgCl and 0,1663 Cu. 

IV. 05997 lost O*OSO’7 H,O. 
I. 11. 111. 

Ag ......... - 25.86 25.90 
cu ......... - 21.91 21.70 
O . , . . . . . . . . . .  11.87 11.96 - 

H ......... 2.27 2.26 
0 ........... 

- 
- - - 

53.30 53.53 
Residueon ignition I -- 

rr - 
Water at 100” lost 1 - 

ITT.  RIcaus. Celculstccl. 
- 25.89 27.04 
- 21-80 21.25 
- 11.92 12.02 
- 2.26 2.27 
- (38.13) 37-43 

1 oo*oo 100.00 
- 53-42 53.65 

-- 

13.46 13.45 13.54 
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FEHLING’S SOLUTION AND OTHER CUPROTARTRATES. 733 

The calculated percentages are those required for the formula 
Ag,C,,Cu,H,O,, + 9H,O, or for the formula Ag3C12Cu,H70,, + 10H,O 
on the assumption that the snlt retains one molecular proportion of 
water. of hydration after drying a t  100’. A t  any higher temperature, 
the salt is decomposed and darkened in colour. It is evident, from 
the proportions of silver and copper found, tha t  the preparation was 
not quite pure, but the figures, on the wliole, seem to confirm the 
formula, and may be taken as indicating tliat the radicle of the cupro- 
tartrates is either (Cl2Cu4H7OlS)”’ or  (CJ2C!upH9Ol0)”’, so that of the 
water indicated in the formula for the potassium snlt at least 4H,O 
are present as water of crystallisiltion. 

The conclusion may thus be drawn, that the cnprotnrtmtes are metallic 
salts of a definite trivalent radicle (Cl2H7Ca,Oly)’”or (cjl,H9Cu4019)”’, and 
since none of the salts has been obtained with less hydrogen and oxygen 
than that indicated by the second formula without at the same time 
undergoing general decomposition, this nmy be accepted for the present, 
a t  any rate, as correct. I n  this case, the forrnuls of the potassium 
salt, dried in  a vacuum, and of the silver and lend salts dried 
at loo”, :we respectively, Ii3C‘,,T~,Cu,0,,,,lH,0, Ag;C,,H!,Cu,019, and 
Pb,(C, 2H:,c11’p19)y 

I?Es t it b ilit y of Cup-o tcw t cir ic Acid. 

Some attempts have been made to isolate cuprotartaric acid itself, 
but so far without success. When a solution of the potassium salt is 
titrated with a dilute mineral acid, the deep blue colour gradually gives 
place to the colonr of an ordinary copper salt solution, and when this 
change is complete, or nearly so, n light blue precipitate slowly forms 
which has the appearance and characters of cupric tartrate. One 
sample, prepared in this way, was nnalysed and proved to be slightly 
impure cupric tartmte. Its formation may be represented by the 
equation : 

IC3Cl2H,C~~,Ol9 + 5HCl= 3KC1+ 3C11C,H,OG + CuCI2 + H,O. 

As  the precipitate is produced slowly, it is possible that this de- 
composition is really preceded by the formation of a very unstable 
cuprotartark acid, H,C,,H,Cu,O,,, which then reacts with more acid. 

It seemed possible that a solution of the free acid might be obtained 
without decomposition by suspending the lead salt in water and 
adding just sufficient dilute sulphuric acid to remove the lead as 
sulphate, but this also proved unsuccessful. The pale blue solution 
was proved to contain positive cupric ions, and no complex blue 
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734 CHAPMAN : THE ALLOTROPIC! 

negative ions, by electrolytic experiments similar t o  those described at 
the beginning of this paper. 

Sulphuretted hydrogen solution decomposes all the cuprotartrates, 
precipitating cupric sulpliide or a mixture of this wit.h the sulphide 
of the other metal. The ease with which this occurs is a little 
surprising, as truly negative metallic radicles do not generally break 
up in this way. Indeed, in this reaction, the copper of the cupro- 
tartrates shows in marked contrast to, say, the gold of the auro- 
cyanides, yet the electro-negative character of the one is as certain as 
is that of the other. But it seems to be only the ion that can exist as 
such, whilst the un-ionised hydrogen cuprotartrate tends to undergo such 
transformation as to turn the copper back into an ordinary metallic 
mdicle. If this is so, the action of sulphuretted hydrogen, even on 
t,he potassium salt, is explained, since a proportion of the hydrogen 
nnd cuprotartaric ions must naturally enter into combination, and 
inore must unite to take the place of this when it is transformed. 

Kahlenberg (Zoc. cit .)  adduced arguments, based on physical pro- 
perties, in favour of the view that the excess of alkali in Fehling's 
solution as usually made, or part of it, is present in the state of com- 
bination, and not merely mixed with the blue salt. We have obtained 
chemical evidence in proof of the t ru th  of this contention, as the addition 
of alcohol to a solution made from caustic soda and cupric tartrate 
in the ratio 2NaOH : CuC,H,O, throws out a strongly alkaline salt 
which retains this character even after the alcoholic washings have 
hecome quite neutral, and contains sodium and copper in the ratio 
N;L : Cu= '7 : 4. W e  intend to continue this investigation, and in the 
meantime abstain from any discussion of the probable or possible 
inner constitution of the negntive radicle of the cuprotartrates. 
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