
July, 194(i CALCIUM OXALATE-CIILORIDE 1)ouBLe SALTS 133.39 

where T r  is the reduced temperature, T / T c .  By 
coiiibining this equation with the equation for 
t tic sun1 of the densities 

PL + PV = + Bt + $2 

the densities can be calculated from room tem- 
perature to within about 5' of the critical point. 
I'he values of the constants k, nz, n, a, p ,  and y 
evaluated for each of tlic coinpounds froin the 
t.xperirnenta1 data arc given in Table 11. In- 
cluded in this table are the average deviations of 
the obierved from the calculated values for both 
thc vapor pressure and density. The agreement 
Iwtween the observed and calculatecl values is 
withiti thc expcriiriental error in the data. 

A coiliparison of tlir vaI)or pressure and density 
tlata calculated for n-hexane and 2,3-dimethyl- 
butane with data reported by Young' is shown 
in Table 111. 

Summary 
The critical coilstants of all of the isomeric 

hexanes and the standard boiling points of all 
except 2,2-diiiietliylhut~lllc wcre carefully de- 

1. 

termined. Values of the liquid density a t  20' 
were obtained by interpolation of the density- 
temperature curves. 

The vapor pressures and saturated liquid 
and vapor densities of the isomeric hexanes were 
determined from near their atmospheric boiling 
poiiits to their critical points. The data have 
Iwen reprc.c;eritecl by einpiric:il equations: (a )  t l i r  
va1)or 1)ressur.c tl:Lta 1)y cquatioris of tlir typc log 
P = A + ( U / 7 ' )  with tlic aid of deviatioii curves; 
(b) the density tlata by means of tlie equation of 
Fales and Shapiro, log log PL/PV = log k 4- vi 
log (1 - T:) - n log Tr together with the eclun- 
tion for the suni of the liquid and vapor dcn- 

coirstuits i l l  thc cquxtions are given for each Iiy- 
drocarboii. 
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sitics, PI, f P V  = N f fit $ Y f 2 .  Val11CS ( J f  thC' 

(11) Thi? manuscript was originally received on NovernbPr 5 ,  
1!142, :Lnd after tarnination by the Editorial Board was accepted 
for jitiiilic.!tii,u in the Journnl. It mas, however, referred to the 
Nijtioiiitl Ikfri ise  He.e:trcli Committee. .rnd u t  their request was 
withheld f rom pulilicatiou, in R contide1iti:il file, u n t i l  clenraucr wiis 
granted oii J. inti , iry I O  l ! l l l ;  
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The Composition, Optical and Crystallographic Properties of Two Calcium Oxalate- 
Chloride Double Salts 

BY FRANCIS T. JONES AND LAWRENCE M. WHITE 

When microscopical methods'" were employed 
for the identification of minute crystals of calcium 
oxalate found in asparagus juice and hemlock 
bark, two crystalline substances were observed 
whose optical properties indicated that they were 
probably new compounds. Analysis shows that 
these compounds are the double salts CaCz0,. 
CaC12.7H20 and CaCz04CaC12.2H20. 

A careful search of the literature failed to re- 
veal any work on the calcium oxalate-chloride 
double salts later than that of G. RaineyZ in 1865. 
He investigated the oxalate-chloride double salts 
of the alkaline earth elements and, among others, 
described the compound CaCz04.CaCl2.7HzO that 
appears to be the same as one of the two reported 
here in detail. This compound had been pre- 
pared earlier by Frit~sche,~. '  who also described 
another double salt of the composition 3CaC2O4. 
CaC12.8HzO. Souchay and Lensens in 1856 re- 
ported a double salt having the formula 4CaCz0,. 
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(1864). 
( 5 )  Souchay and Lensen, Ann., 100, 317 (1856). 
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CaC12.24HzO the existence of which was later 
doubted by Fritzschen4 

Experimental 
Microscopical Observations.-When crystals o1)tainerl 

from asparagus juice or hemlock bark were recry<tallized 
011 a microscope slide' from a drop of 3 N hydrochloric 
acid, a few relatively large plate-like crystals were obtained 
in addition to  crystals characteristic of calcium oxalate 
monohydrate. On contact with water these plate-like 
crystals changed quickly to  a fine grained mass. The 
behavior, shape and optical properties of the plate-like 
crystals could not be reconciled with any of the hydrates 
of calcium oxalate reported by Winchell7 but refer- 
C I I C ~ S ~ ~ ~ ~ ~ ~ ~  found in Beilstein' indicated that the plate-like 
crystals might be a double salt of calcium oxalate-chloride, 
and analysis proves that they are CaC20,~CaClr~71-120. 
Raincy's' method (reaction of saturated calcium chloride 
solution with solid calcium oxalate on a microscope slide) 
gave idcntical plate-like crystals after standing several 
days. During attempts to  prepare large quantities of 
the new compound by recrystallizing calcium oxalate 
from 6 N hydrochloric acid, crystals of oxalic acid arid 
of tetragonal CaC&,.3H*0 were recognized by their 
optical propert les as being mixed with the plate-like 
crystals of the 111 IV compound. A homogeneous prepara- 
tion of the plate-liue crystals was obtained by the method 
described below. \Vhen hot concentrated hydrochloric 
acid was saturated with calcium oxalate and cooled 

(6) Chamot and Mason, ref. l a ,  Vol. 11, 1940. 
(7)  Winchell, "Optical Properties of Organic Compounds," 

(8) "Beilstein Haadbuch," 4th ed., Vol. 11, Julius Springer, 
University of Wisconsin Press, Madison, Wis., 1943. 

Berlin, 1920, p.  515. 
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slowly, there separated monoclinic, prismatic crystals, oxalate and calcium chloride and diKer only in their water 
whose optical properties were unlike those of any other content. 
oxalate reported in the literature. Sometimes the plate- The air-dry heptahydrate lost five-sevenths of its water 
like crystals of the hcptahydrate dcveloped at first but on vacuuni drying over Anhydrone at 25'. No further 
redissolved and tranciormrd to the prismatic type after loss orcurred on heating in air at 100' but a t  205' the  
standing overnight. This transformation, mas observcd remaining water was driven OK. Heating at  250' did 
in a preparation on a microscope slide. The prismatic not cause further change. The air-dry dihydrate did not 
crystals react slowly with walcr hccoming covered with a lose weight an heating up  to 205" and its optical proper- 
granular crust after an hour or two. A pure preparation tics remained unchanged after being heated at this tem- 
of the prismatic crystals was made and analyzed as re- perature.' I t  did, however, lose all of its water on being 
ported below. proving that the IW.W romponnd is CaGOq heated at 250". Table I shows the composition of the 
CaCIr2Hx0. double salts. Calcium and oxalate were determined by 

Preparation and Composition of the Double Saltts.-The titration with permanganate according to Scott' and 
calcium oxalate-chloride hrplahydratr was prepared by chloride was determined gravimetrically as silver chloride 
heating 1 "art calriuin oxaliltc rnomlwdratc with 15 parts in the oxalate-free liquid phase. 
by weightof 8.F N hydrochloric acid~in a glass-stoppered 
flask until the  solid phase complctely disappearrd. On 
cooling to  room temperature the heptahydrate crystallized 
in well-defined plates. 

The calcium oxalnte-ohlaridc dihydrate was prepared 
by digesting at 100' 1 part calcium oxalate monohydrate 
with 12 parts by weight of concentratcd hydrochloric acid 
in a securely stoppered flask to  prevent loss of hydro- 
chloric acid. The prismatic crystals of the dihydrate 
began to  separate before the calcium oralatc was com- 
pletely dissolved and crystallization continued on cooling 
to  room temperature. Each of the double salts was 
separated from its mother liquor by centrifugal filtration 
on a fritted glass plate. washed oncc with absolute ethanol 
and centrifuged as before. The crystals were air-dried and 
stored in giacs-stoppered bottles. Microscopic examinn- 
tion showed that the ethanol washing, air-drying and 
storage had no eKect on the crystallographic prcperties of 
tho c m l t r  

TABLE I 

SALTS 
COMPOSlTlON OF CALCIUM OXALATE-CHLORlDE DOUBLE 

CnC~O~.CaClr.7H.O. % C.CIO&!eCir.2HKl, % 
Found Cnleulnfed Pound C d c u h l d  

Calcium 21.87 21.95 28.92 29.14 
Oxalate 23.86 24.10 31..71 31.99 
Chloride 19.47 19.42 25.87 25.78 
Water 34.50 34.53 13.16 13.09 

Optical and Crystallographic Properties.-Refractive 
indices were dctermiiird a t  about 25' by immersion nieth- 
ods using light from a scdiurn vapor lamp. The values 
listed in Table I1 are regarded as correct t o  0.001 
except the highest value which is * 0.002. The cal- 
culated values of 2 V listed in Table I1 were obtained from .__ 

When digested wlth hot water the double salts gave 
liquid phases containing only traces of oxalate and wsi- 
dues free from chloride. Analysis showed that these 
residues were calcium oxalate manohydmtc. The liquid TABLE I1 

the refractive indices by the exact formula given by 
Larsen and Berman.'O 

phase of each of the digests contain&I calcium and c l h -  
ride in the atomic ratio of 1 to 2 and the amount of calcium 
found in each residue was equal t o  that found in the cor- 

the double salts are equimolar compounds of calcium 

opIlcAL pnopanTIEs cALCIUM oxALArE-cHLo~1~s 
C.CKl..C*Clr. CnCKl'.C.Clr 

DOUBLE SALTS 

responding liquid phase. I t  is therefore apparent that  7HIO 2HIO 
1.500 * 0,001 1.571 * 0.001 01 

Fig. 1.- --CaC~04.CaCI,.iHs0 

........ . . . . . .  1.545 * 0.M11 1.648 t O . 0 0 1  B 
1.568*0.001 1.718 t0.002 r 

It, common n e w  ........... 1.698*0.001 
*common view ........... 1.596 *0.001 

Axial angle, calcd.10 2V = 71" 2v = m9 

Optical character (-) (-) 

Crystal system Monoclinic Monoclinic 

Axial angle. observed 2V = 71' 2V = 85"' 
Dispersion (r < o) weak (r < u) weak 

By conorcopic observation. k Estimated from curva- 
ture of isogyre. 

The colorless. monoclinic thin plates 01 the compound 
F i p r e  2 

Twinn ina  
CaGO..CaCl~711,0 ?IC illustra!ed in Fig. 1. 
shows the or iur i~d  view and omic orientation. ......... 
is common: it is not noticeaile in ordinary light but ii 
conspicuous when the crystals are examined hetween 
crossed nicols. Birefringence is moderate for the common 
view. Ordinarily one layer of the twin overlies the other in 
bonds, although adjacent segments which do  not overlap 
may also be seen. Twinned crystals do  not extinguish 
sharply in any position if the portions of the twin overlie 
vach other. The acute angle between the planes of vibra- 
tion of the slow rays in adjacent portions of the twin is 
ahout 21'. Crystals which are not twinned show sharp 

(9) N. H. Purmm. Ed., "Scott's Standard Methods 01 Chemical 
An:tlyrir." 5th cd.. Vol. 1. p. 212 and Val. 11. P. 2253. D. Van Nor 
,rand Co.. New Ynrk, N. V., 1939. 

(In) I.arrcn and Bcrmaa. "The Micraicopiesl Determioation 
of the Non-opaquc Minemlr." U. S.  Geol. Survey Bulletin. lad Ed.. 
1934. P. R48. 
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'a 
Fig. 2.-CaG0,CaClr.7Hr0, principal view. 

oblique extinction. The extinction angle betwcen the 
slow ray an& the near& edge is 23". Edge views give 
parallel extinction with the vibration direction for the indvx 

Fig. 3.-CaC,O,.CaCI2.2FI20. 

? 

b b 

Fig. 4.-CaC~0.CaClr2H1O. principal viers. 
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(I nonnal to the plate. Conoxopic ohseervation using an 
apertometer-calihrated eycpiece xale, shows a negative 
acute hisectrix interference figure of 2E = 12G'from which 
2 Vis calculated to be approxiinalely 71". The acute hi. 
sertrix is normal to the plate. l'hc optic axial angle for 
I h e  light is ilightly grrater than that for red light. None 
of these olmruations conflict w i t h  the mcagrr dcscrip- 
tion given by Ixwious workc.rs. 

The C O ~ O ~ C S S .  prismalir rrystals 01 the new compound, 
CaC:OI-CnCIr21120 arc illurtratcd in I'ig. 3. I'igure 4 
shvws the principal views and optic arirutation. Figure 
5 show the r~ninwi i  vicw of a crystal lying on a prism 
lare. 'l'hc faw nnglrr. mid 1 1 1 ~  wtinctim angle of t k  slow 

Fig. 5.-CaC2O4CaCL.2H,O. common view. 

ray (n!) relative to the length of the prism are shown. 
Same crystals in this position can be seen in Fig. 8. No 
tendency to  twin was noticed in this compound. The 
hirefringence is very strong for most views hut some 
rtlge views parallel to the plane of symmetry show low 
t,irelringence. Such views give an optic axis interference 
figure I,y'conascapic onservation. The optic axial angle 
i i  esliniatcd from the slight curvature of the isogyrr to h e  

Tirnm I11 
X-RAY PO\\.DRR 1)IFPRACTION IIATA' 

Suhatsnrc d ,  A. Relative intrnsityh 

CaC.O,.H?O 5.93 vs 
3.67 S 
2.06 S 
2.50 M W  
2.35 M 
2.26 VN' 
2.09 \V 
1 .!Xi M W 
1.82 w 
1.74 VW 

CaC~0~.CaCI2~7HLl 9.87 vs 
F.54 W 
4.46 M 
3.73 M 
3.27 S 
2.79 S 
2.26 M 
2.10 M 

CaCO&&!lr.2H,O 5.25 M 
3.71 MW 
2.95 vs 
2.63 M 
2.51 M 
2.32 MS 
1.98 M 
1.85 M 
1.75 W 
1.67 vw 
1.59 W 

a Pholographs were taken with MoK. filtered through 
a thin zirconium foil. b S - strong; M = medium: 
W - areak: V - very. (Visually estimated.) 
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about 85". Dispersion is faint. The optic axial angle 
for blue light is slightly greater than for red light judging 
from the optic axis that most nearly coincides with the 
crystal axis a. The other optic axis was not observed. 

X-Ray Powder Diffraction.-As an aid to the study of 
calcium oxalate and its double salts with calcium chloride, 
the X-ray diffraction lines obtained from powdered samples 
of calcium oxalate monohydrate and the two double salts 
described in this paper are listed in Table 111. 

Discussion 
The formation of these characteristic crystals 

by reaction of calcium oxalate with hydrochloric 
acid can be used to aid in the identification of 
calcium oxalate in many cases where the unknown 
does not contain crystals large enough to be iden- 
tified by optical methods. 

No special attempt was made to prepare other 
double salts of calcium oxalate-chloride, but when 
conditions of preparation were similar to those 
described by Souchay and Lensens we did not 
obtain the compound 4CaC204CaCl2-24H20 that 
they reported. Consequently i t  seems possible 
that their double salt was actually a mixture. In 
fact they mention the presence of oxalic acid 
crystals in some of their preparations. Micro- 

scopic examination, including a determination of 
optical properties, would have revealed such a 
lack of homogeneity in the sample taken for 
analysis. It is possible that a complete phase 
study of this system would reveal other double 
salts. 

Acknowledgment.-Acknowledgment is due 
Merle B. Hartzog for taking the X-ray powder 
diffraction photographs and for making the 
measurements given in Table 111. 

Summary 
A microscopical study of the reaction of cal- 

cium oxalate with hydrochloric acid has been re- 
ported. The composition, optical and crystallo- 
graphic properties, and X-ray lines of a new double 
salt, CaC204CaC12-2H20, and those of the pre- 
viously reported double salt, CaCz04CaC12-7H20, 
have been determined. 

The formation of these crystalline materials 
can be used as an aid in the microscopical identi- 
fication of calcium oxalate, and to aid the phase 
study of this system. 
ALBANY, CALIF. RECEIVED MARCH 4, 1946 
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The Sorption of Water Vapor at Low Pressure on the Surface of Some Cold-Rolled 
Steels at 20" 

BY MARION H. ARMBRUSTER' 

Because there are few unexceptionable data 
relative to the sorption of water vapor on a plane 
surface, especially of a metal, and because of the 
possible practical utility of a better knowledge 
of this matter, several series of careful measure- 
ments have been made a t  20' a t  pressures up to 
0.15 cm.. on some of the identical samples of steel 
used in earlier measurements of the sorption of 
other gases.2 These samples were three cold- 
rolled surfaces, two of low-carbon steel, the third 
a stainless alloy containing 18% chromium and 
8% nickel, all of which had been carefully pre- 
heated to ensure reproducible results comparable 
with those for the sorption of other gases. At 
the highest pressures investigated mild steel sorbs 
what appears to be a complete monolayer physi- 
cally and a partial layer by chemisorption, the 
completeness of coverage being estimated by com- 
parison with data for carbon monoxide sorbed 
reversibly a t  - 183' on the identical sample. 
On the same basis, the total volume of gas sorbed 
on the stainless alloy, which is presumably covered 
by an invisible yet protective oxide film, not re- 
ducible by hydrogen at 600°, is three to four 
times as great as on the mild steel, and of this 

(1) Present address, Department of Chemistry, Barnard College, 

(2) Armbruster and Austin, THIS JOURNAL, 66, 159 (1944); also 
New York. N. Y. 

unpublished data for stainless alloys. 

amount about one-third is chemisorbed. The 
calculated heat of physical adsorption is about 
25% greater than the heat 'of liquefaction of 
water vapor. 

Apparatus and Procedure.-These were the 
same as previously describeds except that the 
double McLeod gage,' which with water vapor 
could be used only up to 2 X cm. was 
supplemented by a second similar gage such that 
a higher pressure range could be covered without 
danger of condensation in the gage during a meas- 
urement. This danger was avoided, a t  the higher 
pressures, by warming the capillary of the second 
gage to about 30' during a reading. The cor- 
rection for this dif€erence in temperature was cal- 
culated and checked experimentally by means of 
hydrogen; i t  proved to  be small. The supple- 
mentary gage was calibrated by comparison with 
the double gage, by use of "spectroscopically 

(3) Armbruster and Austin, ib id . .  60, 467 (1938); 61, 1117 
(1939). 

(4) It is of interest to  note that in some preliminary measurements 
condensation of water vapor at  20' in the capillary of this gage was 
observed at  a pressure of about 1.3 cm.,  whereas 1.7 cm. is the satura- 
tion pressure of water at  this temperature. Similar condensation 
at  a pressure lower than the saturation pressure of water has been 
observed by Frazer. Patrick and Smith, J .  Phys.  Chem., 31, 897 
(1927), using the pressuretemperature curve method of determining 
adsorption; by Frater, Phys.  Rev., (2) SS, 97 (1929). using the optical 
method of Drude and Rayleigh modified for greater accuracy; 
and by Coolidge, THIS JOURNAL, 4S, 708 (1927). 


