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11y special interest i i i  the properties ( 1 i  colicelitrated sulphuric acid 
dates froni the time of iny stutly o f  the ilecoiiipositioii in it of anhydrous 
oxalic acid. 'l'he speed of the decompositioii {vas surprisingly decreased' 
1)y the addition of only 0.01 1wr cent. of ivater to a sulq)osedl!. I ( j o  per 
cent. acitl.:l Since the inost exact gravimetric, or volumetric analysis 
of coiicentratetl sulphitric tlcirl is subject to a11 error \\.hose magnitude 
is considerably over o.01 1)eI ceiit . , '  dilrcrent samples of acid. which, 
according to either niethotl o f  aiialysis had the same conceiitratioii, coultl 
iiot on that  account aloiie I ) ?  es1)evtetl to !.ielti. :mtl :is it matter of e s -  
perience did not yield the s;tiiie coiistants for the speed or decoitil)osi 
tion of oxalic acid. Allthough sariil)les of acid, whicli 1)ossessed the same 
specific coiitiuctivity for electricit!,. J icltled coiicordaiit constants, yet 
since the exact conductivity of a l ly  oiie concentration of coiicentratetl 
acitl \\.as iinkiio\vn, this inetliocl co111tl not ser\'e to  esta1)lish the coinposi 
tion of the acid used. 

I f  so-called absolute sulphuric acid is really a definite substance, \\hose 
composition is expressed by the formula II,SO,, theii a i l  acid containing 
a larger percentage oi either sulphur trioxide or water than is representetl 
by this formula would be a solution. The ahsolute acid should tlieii 
exhibit the niaxiiiium freezing point. This would also he true even if 
sulphuric acid is partly dissociated, say into trioxide aiid water, providetl 
tliat the coiicentratioii of the products of dissociatioii reaches its mini- 
11111111 at io(1 I)er cent. -1r i  absolute acid could then be prepared b y  :del- 
i11g sulphur trioxide to w r y  concentrated acid or water to slightl!. fiiiiiiiig 
acid, until the iiiaxiiiiuiti freezing point is re:iched. 1)r. I < .  I<nietscli, 

I q( j5 ,5  ex1)ressed i t  as his belief that  the ineasureinent of the ireeziiig 
p ( j i I i t  01 verb. concentrated sulplluric acid is a ver). exact rnethod rei- 
tleterrniniiig its cornposition. 

1Iarigiiac" sho\ved that 1 lie higlicst boiling point of sulphiiric :Icitl does 
not 1)elong to I o o  per ceiit. acid, but to one whose coiiceiitratioii is a1)out 
~18 .5  per ceiit. He also ollservetl that  a ioo per cent. acid gives out 
a11hydride when licatctl to onl!. , j ( ~ - 4 o ~ .  The first ol)ser\.ation, coii 
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firmed by Dittmar' and by Pfaundler,* indicates beyond a doubt tha t ,  
at a temperature approaching its boiling point, sulphuric acid dissociates 
into water and sulphur trioxide. Since the methods of analysis used 
by  Narignac would not enable him to distinguish between an absolute 
acid and one which contained a slight excess of anhydride, the second 
observation still leaves i t  in doubt whether or not sulphuric acid is dis- 
sociated into water and anhydride a t  low temperatures. The result 
obtained by P f a ~ n d l e r , ~  namely, tha t  by passing dry air through slightly 
fuming acid a t  10-1 9' under atmospheric pressure until no further change 
in composition occurs, there was left a liquid which was equivalent to 
100.08 per cent. sulphuric acid, would indicate that in this temperature 
interval there is no dissociation of sulphuric acid into water and anhy- 
dride. His analyses were also subject however to the not inconsiderable 
error already mentioned. 

In  view of these uncertainties it appeared worth while to attempt the 
preparation of absolute sulphuric acid by mixing pure water and pure 
sulphur trioxide in stoichiometrical proportions. Sufficiently pure water 
could readily be obtained, so that the principal problem consisted in ob- 
taining pure sulphur trioxide and in preventing it from absorbing moisture 
while i t  byas being transferred to a weighing vessel, or otherwise handled. 

i lnli?dmis .%dphZl?' Tvinl-ide.--For the preparation of 
pure anhydrous sulphur trioxide, a method was used which is similar 
to that employed by Weber.4 Since the evidence tha t  the sulphur tri- 
oxide was obtained in a pure state, rests largely in the method used, the 
latter will be given a t  some length. 

In  the asbestoslike, or polymerized5 state, the form in which sulphur 

Pvepamticin 

trioxide is readily obtainable on 
the market, i t  j, not easily ma- 
nipulated, bein2 difficult to melt 
so as to be successfully trans- 
ferred to a distilling apparatus, 
or becoming so hard when ex- 
posed to moist. air as to make 
transference no less difficult. 
When obtained in glass-stop- 
pered bottles rather than in 
sealed bulbs, the transference to 
a distilling flask is readily acconi- 

2. fur Chemie, 13, I (1870). 
Ibzd.,  p. 66. 

5.1.  

LOC. cit. 
Pogg. An%, 159, 313 (1876); Uer. ,  19, 3187 (1886); see also Schenk, Ann., 316, 

See also I,idbury, Z.  physik .  Chem., 39, 467 (1902). 

I (1901). 
5 nrirln CUT rhim. ital.. 11, 11, 158 (1901). 
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1)lislied with an apparatus like that tlepictetl in Pig. I .  . I  is :L glass 
adapter; El a winding of shwt  as1)estos for niakinz a loose-fitting joint 
between the end of arid the ncck ( i f  the 1)ottle; Ll ;i fractioiiatiiig Ilask 
with a constricted tube sealed to  its neck. The space between 13 and the 
neck of the bottle was tightly packed with finc asbestos, such a s  is usetl 
in making filters. Then the projecting portion of Ll \vas torn a~vay  and 
the asbestos covered with a thick layer of sealing \vas. Klieii the latter 
\vas cold, the apparatus was exhausted to about 30 nini. pressure antl 
finally sealed a t  S .  If, after a test applied in the course of several hours, 
the joint a t  l? was found to be air-tight, the distillation could be under- 
taken without any danger that  the internal pressure ~vould become high 
enough to cause an explosion, provided of course that  the heating of 
the bottle and the cooling of the receiver were both properly conducted. 
The bottle was placed on a nxtcr  liath ivhose temperature was very 
gradually raised to the boiling poilit. 'Che receiver 1) \vas cooled in ;1 

rapid stream of water a t  10-13'. I n  this \vay portions of 600-700 grams 
of sulphur trioxide were transferred to a distilling flask in the course 
of ahout S hours, without bringing the interval pressure higher than that 
of the vapor of liquid trioxide a t  3 5 O ,  f. ( d . ,  ;it IO' belon- its boiling point 
under one atmosphere. 

After the transfer was acconiplished the distilling flask was opened 
a t  ,S antl then disconnected from the bottle bj7 breaking or sealing oif 
the tube which joined it to the adapter. To the side arm of the distil- 
ling flask there were IIOW sealed two smaller flasks, connected a t  right 
angles to  each other ivith 3 0 ~ 4 0  crn. of tubing, the two legs of the right 
angle being placed i l l  a nearly vertical plane, ant1 the cotiiiection \sit11 

the distilling flask being tnadc at 
the right angle, Fig. 3 .  'l'lie 
upper, larger of the two sinall 
flasks 11 a tl previously b e c n 
charged with ahout I O  grams ol' 
pure phosphorus pentoxide,' antl 
had a tube, bearing numerous 
constrictions, sealed into its stern 
so as to  staiid iri about the same 
plane as tlic legs of  the right 

angle: Fig. 2 .  The purpose of the stopper ( ' will 1~ niatle plaiii b y  I:ig. 
4 and the description accompanying it.  

-after sealing a t  .C and opening a t  .S', the apparatus tvas exliaustetl to 
ahout 30 mm. and scaled. IJnder the conditions above gi\wi,  there \!'as 
then distilled into the lower flask :L quaiitit!. 11f triositlc sufiicient to  

T h e  supply bottle bore Kahlt)nti~n's label, axid :L sninl)lc g:ivc n lxirely rtvoy- 
nimble coloration with ammoniacal silver nitrate solution. 
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about fill it (150-ISO grams), the condensation of distillate in the upper 
flask being prevented by warming it. Air, which was dried by means 
of sulphuric acid and phosphorus pentoxide, was now admitted at S', 
the distilling flask sealed off as near the right angle as convenient, the 
two small flasks exhausted to about 30 mm. and sealed, thus constituting 
the apparatus for the final dehydration of the sulphur trioxide. 

As there was always moisture introduced into the apparatus when 
its parts were finally sealed together, the distillate, collected as above 
described, was always polymerized to such an extent by the resulting 
sulphuric acid that only by immersing the containing flask in boiling 
water and heating i t  there for an hour and often longer could the charge 
collected be compktely distilled over upon the phosphorus pentoxide. 
The next step consisted in removing the traces of sulphuric acid from 
the receiver, by rinsing it, repeatedly with 5-10 cc. of distillate. Even 
these sniall portions could not at first be collected without quickly polymer- 
izing, unless only moderate cooling was applied. If a nodule of polymer 
appeared, i t  was a t  once loosened from the receiver wall by gentle warm- 
ing, and rinsed into the distilling flask. This polymerization was one 
of the most troublesome features of the work. Usually after about six 
rinsings the entire charge of the apparatus could be distilled without 
showing any polymerization. -4s soon as this could be done the distillate 
was frozen by cooling below 16'. Even if, after standing some hours 
in this state, no polymerization set in, the distillation was repeated four 
to  six times as an extra precaution to secure thorough dehydration. 

Before severing the receiver with its contents from the distilling flask, 
the stopper C was pushed as close to the receiving flask as possible, then 
air, dried by passing through three bottles of sulphuric acid and a 25 cm. 
column of pumice stone and phosphorus pentoxide, was slowly admitted 
a t  S ' ,  through a thick-walled and securely wired rubber tube, until a 
pressure slightly in excess of one atmosphere was reached. The drying 
apparatus was a t  once disconnected and the receiver quickly sealed off 
in such a way as to leave connected with it about 15 cm. of tubing with 
its sealed end turned a t  a right angle' to the axis of the tube. As many 
as six large samples of sulphur trioxide were prepared in this way. In  
the angle of the sealed end of each container, there appeared after a time 
a larger or smaller quantity of polymer, while the main mass in the bulb 
remained unpolymerizea, even though i t  was repeatedly frozen. 

In  no case did the air space over the trioxide exceed 15 cc. This volume 
of air a t  2 0 ° ,  if saturated with water vapor, would contain less than 0.3 
mg. of water. After i t  was dried in the way stated, the amount of water 
in i t  must have been much smaller, and yet it was sufficient to induce 
some polymerization ! 

Object shown in Fig. 4 and the description accompanying it. 



7 m m j w i n g  [ I )  ( I  T I  'l,iqhii?!/ 1 ' (  /.--l>or this purpose large test tubes, 
40 i i i i i i .  iii diameter, \\-ere iisctl. 1:ach \vas constricted to ahout I O  tiiiii . ,  

at a point Ear enough from the scaled ciid to furiiisli ;L container with 
;i capwity about I .\j times as large as tlie volunie of trioxide to be iiitrii- 
ducetl. -1fter cleansing, stciiiniiig and drying, the adsorbed moisture 
\\-as removed h y  passing a stream of air, dried :is stated al)ovc, through 

cach Eoi- , { i i  to 40 niiiiutes, \\-bile it \\-:is 

Ileing kept a t  a tcnlperaturc at \vhicli it 
turned a T3unseii ilaiiie 1)rigIit >.ellow. 
Subsequeiitl!.. the tube \\-as cooled slon.l!. 
eiiough to pcrniit the inflo\\-inji d r y  air 
to niaiiitain in it a slight pressure, I:ig. .;. 

;\Ttcr Iieiiig pro\.icled \\-it11 ;L \\-ire 

tlic tcnipcratiire of tlic t)alance ri)orii, 
tlisconnccted from tlie drk-iiig apparatus. co~-crerl \\-it11 :t glass cap ant\ 
weighed. :Ill iveighings were made \\it11 a set of careiully calibrated 
weights. 

1 he tube isas no\v read!. for the transfer \\-liich \\-as carried out b y  the 
arrangement s1ion.n in 1:ig. 4. The riil)lier stopper is tlie om' s h o \ ~ i i  i i i  

I:ig. 2 .  1 t s  eiitl was covered with a disc of ignited 
asbestos to  prevent i t  from conta1iiiii:itiiig the sulphur 
trioside. .Air \vas passed through 1 1 1 ~  111l)c cs;Lctly ;is 
before, ant1 when it \\-as cooled, I)ut the air still ilo\\-iiig, 
tlie tulle 'I' was tlratvii I~ack  so that its entl \\-as a i m i t  
oii a levcl with the sealed ciitl ol tlie triositlc biill~. 
The coniiectioii at c '  \vas then severetl. m t l  tlic 31)- 

paratus re\.ersed. 'The tip of  t l ics  trioxide I ~ u l l l ,  \vhicli. 
to ~)reverit it i r m i  falling into tlie tulic. helo\\., hat1 
previously beeii fastened t o  a platiii~itii wire esteiiding 
out through W ,  \\-as broke11 off I)!. pressing on it k v i t h  
the entl of '1.. liy carefull!. ivariiiiiig thc bulb 13, the 
su1l)lltir trioside x a s  now expelled iiito t h e  t~i1,e. 'l'lie 
latter \vas immersed in ice \\.:iter, :tiid. ;is w o 1 1  :is the 
transfer \vas coiiipletrd, \\-as sealed oll' a t  t h c  coiistric 
tion. 
seciire the \\eight oC the trioxide \\.ill Iw r w d i l ~ ~  1111- 

derstooct. In spite of this careful csclusioii of a l l  \ \ . a tvr ,  
except siic1i traces ;is must ~ i a v v  t)c>c.ii iieg1igiI)le in 
coiiiparisoii lvitli the weight of ~ ~ l p l i ~ r  trioxide ~is r t l .  there \\-:is still sul'ti- 
cient preseiit to  caiise sliglit r i i r i i i i i f i  \ \  lieii tlic t r iosi( lc  flo\\ et1 into tlie 
ux3ghiiig tube. aiitl to c;iiisc ho i i i c  I)i)l!.iiieri~!atioii \ \ . l i t11 tlie trioside 
\!'as colcl. 

11LLllgC~. thf' tllhe \\:LS 110'&\- 1)rOilght to 

-i=F) 
Fig. 3. 

, %  

s 

\\'hat weighiiigs nc re  still ne 

fiy 4. 
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.\fixing the H'ater and Sulfiliur Trioxide.--Since the specific gravity 
of sulphur trioxide at 20' is about 1.9,' its apparent weight was cor- 
rected to a vacuum by multiplying by 1.00og.~ I n  calculating the 
weight of water needed, the molecular weights of sulphur trioxide and 
water were taken as 80.06 and 18.016 respectively. From the weight 
of the water in a vacuum, its apparent weight was found by dividing by 
1.00106.~ In  each case the weight of water used differed from the cal- 
culated weight by only f~ mg. 

The mixing of the sulphur trioxide and the water, which probably 
constituted the most dangerous part  of this research, was 
successfully accomplished with three samples while two were 
lost by accidents. One of the accidents was caused by the 
too rapid mixing of the two liquids, and was accompanied 
by a terrific explosion. The method followed will be made 
plain by the help of Fig. 5, in which S is a tube 35-40 cm. 
in length with walls of medium thickness; A ,  a piece of 
glass rod with rounded ends; B, a very thin-walled bulb 
containing the water; C, the bulb with the sulphur trioxide; 
D, pieces of thick-walled glass tubing. Each article con- 
tained in S was previously cleaned and then dried, finally in 
a desiccator over sulphuric acid. 
dried and filled with dry air. 

After sealing a t  S, the bulb B was broken by means of A ,  while the 
space in the tubes D permitted the water to flow below C. This left C 
entirely above the water, and made i t  possible to  break off its point with 
-4, without bringing the trioxide and water together in the liquid state. 
To prevent C from sliding up and then falling back on D and breaking 
at the bottom, during the attempt to break off its tip, the apparatus was 
laid in an inclined position into a freezing mixture and C frozen securely 
to  the outer tube. When the opening in C was large enough to admit 
-4, the tube was set aside until the upper portion of the trioxide had he- 
come well polynierized, then by inclining i t  carefully, water was intro- 
duced into C, little by little, until most of the trioxide had disappeared. 
To readily permit obtaining a homogeneous product, the bottom was 
then broken out of C. 

.Speci@c Conductivity.-The specific electrical conductivities, which 
will be more fully discussed in the next division, were found to be as 
follows, at 25 .00 ' :  

For product I .  . . . . . . . . . . . . . . . . . . .  . O . O I O ~ ~  reciprocal ohms. 

The outer +Tibe had been 
f i j .  5. 

2 0.01042 ' I  

3 0.01042 " 

" " 

I '  'I 

..................... 

. . . . . . . . . . . . . . . . . . . . .  
R. Schenck, Ann., 316, 14 (1901). 
Ostwald-Luther, Phys.-Ckm. Mess., 1902, p. 53. 
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'l'lie mean of these three values, then gives (1.01043 reciprocal ohills as 
the specific conductivity of absolute sulphuric acid. 

t.. 
< 

Later 2 and 3 were mixed and to a 
littlc niorc than IOO grains of the mix- 
ture a trace over 0.01 per cent. of water 
 vas adcletl. This raised the conductivity 
t o  0 .0107 I .  '1'0 a second l)ortioii. this 
tiiiie a h i t  I 2 % j  graitis, oi the mixture oi 
L! and ,i, there was added enough f u n -  
ing acid ( i < j . < j  per cent. of free SO:,) to 
leave ahout t1.02 per cent. of free sull)hiir 
trioxide (equivalent to less thaii ci.oo~ pcr 
cerit. ol water). 'I'his raised the conduc- 
tiL-ity to 0 . 0 1 0 ~ 5 .  

'1'0 tleterniine Iiow iiear the tiieaii 

specific conductivity, found for tlie three 
saiiiplcs of absolute sulphuric acid, lies 
to  the minirtium conductivity of con- 
centrated sulphuric acid, a slightly f u n -  
in:: acid (about 0 . 7  per cent. of free S0:J 
\vas prepared aiid its conrluctivit!. iiieas- 
urctl. 

'1'0 this was then added y o  per ceiit. 
itci(I, drop b!. drop, and a ineasuremeiit 
iiiatle after the additioii of each drop. 
The forni of cell used fo r  all the meas- 
ureineiits is sho\vii iii 1;ig. 0 .  1 o mix 
the acids thoroughl>-. ~ 1 ; ?  30 lnihbles of 
xir, dried \vith phospliorus pciitosicle, 
 re clra~vii through the cell. .\ leiv 
ldaiik t c s t s  with altogether sevcral h i ~ i i -  

tired huhhles of dried a i r ,  (lid iiot iiitro- 
tliict~ ciiough moisture i o  afiect the co11- 

cluctivity of  the acid. 'I'lie result of tlie 

r .  

~tieasiireineiits is g i \ w  it1 the adjoiriiiig table 

o drop . . . . . . . . . . . . . . . . . . . . . .  
go per cent. acid added. 

I I '  . . . . . . . . . . . . . . . . . . . . . . .  
2 ( 1  . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  3 " 

.+ " . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  5 

I - 1 '  . . . . . . . . . . . . . . . . . . . . . .  

'1'0 the ~ i o w  slightly aqueous acid, enough of the fuiiiiiig acid wa5 added 
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to introduce a slight excess of anhydride, then 96 per cent. acid was added 
drop by drop and nieasurenients made as before, the 96 per cent. acid 
being added so as to make the successive additions of water very small. 
This process was repeated four times. I n  four cases the minimum value 
found was exactly 0.01041, in one case two successive values of 0.01042, 
between which the minimum must have been passed. The minimum 
specific conductivity of concentrated sulphuric acid, as here found in 
six measurements, is then 0.01041 reciprocal ohms, a value from which 
the mean specific conductivity of absolute sulphuric acid above found, 
differs only by 2 units in the fourth significant place and from which the 
value found for samples 2 and 3 differ by only one such unit. 

The mean of three measurements of the conductivity of the sulphuric 
acid used in the work on oxalic acid’ (0.01043, o.oroqg, 0.01037) is also 
0.01041, indicating that tha t  acid was what i t  was assumed to be, i. e . ,  IOO 

per cent. Since an increase in the conductivity from 0.01041 to 0.01068,~ 
i. e., one of 0.00027, was caused by the addition of bu t  0.01 per cent. of 
water, the conductivity, 0.01044 of sample I of absolute acid, would have 
required the presence of an excess of only 0.001 per cent. of water. For 
the preparation of sample I ,  94.228 grams of sulphur trioxide were used, 
and should have yielded 115.41 grams of absolute acid, 0.001 per cent. 
of which is less than 1.2 mg. The deviation of the conductivity of sample 
I from the minimum could then have been caused by about I mg. excess of 
water. 

When the conductivity measurements just described had been com- 
pleted, 82 grams of sample I ,  and 103 grams of the mixture of 2 and 3 
were each diluted with about 2 volumes of water. To learn whether any 
sulphurous acid, phosphorous acid or other oxidizable substance was 
present, each portion was treated, while warm, with approximately 
0.25 N bromine water. With the addition of each drop, the practically 
colorless solution grew deeper in color, indicating freedom from reducing 
material. The bromine disappeared only on being boiled out of the 
solution. 1Yhen this had been done, each was concentrated in a plat- 
inum dish over a water bath and finally evaporated carefully to dryness 
over a free flame. From I ,  there was left a residue representing a trifle 
over 0.003 per cent. of the original, while from the mixture of z and 3,  
there was left one of less than 0.002 per cent. A portion of each was 
soluble in dilute hydrochloric acid and with ammonium molybdate and 
nitric acid gave a test for phosphoric acid. The rest was insoluble and 
consisted of glass dust introduced, during their preparation, when the 
water and sulphur trioxide bulbs were broken. 

That  these traces of impurity had no measurable effect on the con- 
J .  Phys. Chem., 11, 240 (1907). 
Ibid. ,  p. 264. 



ductivity, is shown by the fact that  the tninimuiii conductivity of an 
acid prepared from pure (16 per cent. acid antl trioxide, ?shicli \vas free 
from all impurities escept sulphuric acid, was also o.oro41. 

I t  may then be stated without hesitation, that  the tnininiuni specific 
electrical conductivit!. of conccntratetl sulphuric acid is the specilic con- 
ductivity of the absolutc acid. 

Knietsch' found the minimum conductivity at 90.9 and g(j,g*j per cent., 
while It-. Kohlrauscli' found it at 09.74-99.75 per cent. The deviations 
from IOO per cent. found 1)). these t\ro investigators, are i n  all prol)ahility 
due to  analytical errors. 

in publications Lvhich came 
i o  my  notice after the above results ~ v e r e  obtained. state that  they have 
based the preparation of absolute sulphuric acid upon the maximum 
freezing point. In view of what is said on this point on pp. 1834 and 1835, 
this procedure was based on a t1  assuiiiptiori, not 11). any means entirel!, u i i -  

warranted, however, as is shown especially t)y the 1)ehavior of sulpliuric 
acid as found by  I-Iantzsch. 

I found that the addition of either g6 per cent. acid or of fuming acid 
to absolute sulphuric acid depresses the freezing point. The inaxitnuin 
freezing point of concentrated sulphuric acid is then the freezing point 
of tlie absolute acid. Tlien both 
the mininiuni specific conductivity arid the maximum freezing point 
belong to absolute sulphuric acid. €Iantzscli6 likewise found tha t  the 
sulphuric acid Lvhich possesses the masiniutn freezing point also possesses 
the minimum specific contlucti\.it!-. 'l'he values which he found for the 
latter, o.oo\)7-g8 \\.it11 oiie cell and O . O I ( I  I with another, are appreciably 
lower than thc one fouiitl I)!, m e .  

I'nnd2icti:mI'tjJ o j  '-1 h\di//( u i r O  0) ,S / f?Jr t /~ ,  I ) i l i t ic t l  . S u / f i h l o , f c  .4 c i / / . - - -  -TIK 
measuring cell (ITig. O? shoivetl practic:dly the same resistance capacity 
(3.164 and 3.1M) wit11 t w o  eiitirel!. different ant1 thoroughly purified 
samples of potassium cliloride. 'I'he solutions were made as directed in 
Ostwald-Luther,7 antl \\.ere o. I .Y. I n  addition to the specific conductivity 
of absolute sulphuric acid, tha t  of each of a number of somexliat diluted 
acids was also measured. Several kilograms of slightly fuming acid, 
made from pure 96 per cent. acid arid distilled sulphur trioxide, were 
brought to the minimum conductivity by the addition of 96 per cent. acid. 
The proportion o f  the latter needed to attain tlie minimum (also found at 

A. Hantzscli,:' and Odtlo and Scandola, 

'l'lie value found is 1 0 . 4 3 ~ - 1 0 . 4 5 ~ . ~  

Rer. ,  34, 4107-8 (1901). 
IVicd. .41zn., 17, 69 (1882). 
Z .  ph~rs ik .  Cltejjt., 61, 2 5 8  (1907). 

Hatitzsch found ~ o . + h O ,  C)tldo and Scandola 10.43'. 
' Ibitl., 62, 24j-9 ( I p 8 ) .  

6 i-oc. cit. 
l Pltys-chem. Mess. ,  Auj., p. 407. 
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0.01041) was found by diluting a known weight of the slightly fuming acid, 
in the measuring cell, drop by drop, with 96 per cent. acid, the weight of 
a few hundred drops of which had been previously determined. Ry 
adding the necessary weights of water to portions of this absolute acid, 
there were prepared mixtures, containing the percentages of water stated 
in the first column of Table I. In  the second column of the table are given 
the conductivities of these mixtures. The third column contains the con- 
ductivities of like mixtures, measured when the work on oxalic acid was 
done. Column j shows 
that according to the results obtained, the successive increments in the 
conductivity take place somewhat irregularly. 

The two series are, in general, in good agreement. 

Per cent. 
of water. 

0.00 

0.01 
0 . 0 2  

0 .03  
0.04 
0 .05  
0 . 0 7  

0.15 

0.30 
0 .40  
0 .50  
0 . 7 0  

I 4 0  

3 .oo 
4.00 
6 .oo 
8 .oo 

0.10 

0 . 2 0  

I .00 

2 .oo 

I O  .oo 

TABLE I. 

Specific conductivity found. 

0.01041 
0.01066 
0.01091 
0.01 146 
0.01163 

0,01349 
0.01212 

0.01572 
. . . . . . .  
0.02389 
0.03090 
. . . . . . .  
0.04287 
0.05272 
0.06430 
0'07949 
0,09057 
0.1068 
0.1176 
0.1292 
0.1330 
0.1299 

0.01041 
0.01068 
0.  01080 

0.01171 
0 .01122  

0 . 0 1 2 1 0  

0.01352 
0.01560 
0.01998 
0.02404 
0.03128~ 
0.03768~ 
0.04316~ 
0.05308~ 
o ,06438~ 
0,07929 
0 .o9101 
0.1069 
0.1181 

0.1328 
0.1300 

0.1293 

Means. 
0.01041 
0.01067 
0.01085 

0.01167 
0 . O I  134 

O.OIZI1 
0.01350 
0.01566 

0.02396 

0.03768 

0.01998 

0.03109 

0.04301 
0.05290 
0 .of3434 
0.07939 
0.09079 
0.1068 
0.1178 
0.1292 
0.  I329 
0.1299 

Successive 
increments 
in hundred 

thousandths. 
. .  
26 
18 
49 
33 
44 
70 
72  
86 
80 
7 7  
66 
53 
49 
38 
30 

16 

6 

22 

I1 

2 

. .  
In  Table 11, colunin 3 brings out the irregularities more clearly. Since 

they do not cause a sharp break in the curve (Plate I )  i t  seems fair to as- 
sume tha t  they are the result of experimental errors; i. e . ,  t ha t  the con- 
ductivity changes more regularly. With the view of obtaining for the 
conductivity, values which change more regularly and yet do not differ 
much from the means found, the experimental errors were distributed so 
as to yield the series of increments recorded in column 4. The regularity 
of their change is seen by their differences, given in column j. The con- 

Calculated from the conductivity found on adding 0.3, 0.4, 0 . 5 ,  0.7 and 1.0 part 
of water respectively to IOO of absolute acid. J .  Phvs. Chem., 11, 264. 
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ductivities, based on what may be called these idealized increments, are 
given in column 6, and do not differ appreciably from those found by 
measurement, except in the three marked with an asterisk, and even here 

Plate I 

not seriously. For a water content up to 2 per cent., the increment in 
the specific conductivity per increment of 0.01 per cent. of water, lies 
between 16 and 87. These differences are ample to  easily permit the de- 
termination of the sulphuric acid content to less than 0.01 per cent. If 
the amount of water in the acid is 3 or 4 or possibly 5 per cent., the dif- 
ferences in conductivity will permit the determination of the acid to  0.01 

per cent. For less concentrated acids, the error is larger than 0.01 per 
cent., but up to 8 per cent. of water, it is probably within 0.1 per cent. 

If the specific conductivity of sulphuric acid is 0.1250 reciprocal ohms 
or less, i. E.,  contains 95 or a higher per cent. of acid, then the accuracy of 
analysis by means of the conductivity, for the most part, materially ex- 
ceeds that of either the gravimetric or the volumetric analysis. This applies 
only to  pure acid. The conductivity of a solution of 0.96 per cent. of po- 
tassium sulphate in absolute sulphuric acid, for instance, is 0.02469, about 
two-fifths of that  of an acid containing the same percentage of water, or 
about the same as that  of an acid containing 0.2 per cent. of water. The 
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conductivity of sulphuric acid accordingly seems to be much less affected 
by a given percentage of a salt than by the same percentage of water. 

TABLE I1 

Per cent.  
of water.  

0.00 

0.01 

0 . 0 2  

0 .03 
0.04 
0.05  

0.07 

0 . 1 5  

0 . 3 0  
0 .40  
0.50 

0 . 7 0  

I .5 

3 . 0  
4 . 0  
6 . 0  

8 .O  

0 .  I O  

0 . 2 0  

I .oo 

2 .o 

10.0 

Successive 
increments. 

26 
18 
49 
33 
44 
7 0  
72 
86 
80 
7 7  
66 
53 
49 
38 
30 

16 

6 

. .  

2 2  

I 1  

2 

.. 

Successive 
increments 

Diff. distributed. 
. . . .  . .  

25 -8 

34 -16 

+26 50 

+31 29 

+ I 1  41 

+ 2  6 r  

87 
81 

-9 72 

63 
55 
47 

+ I 4  74 
-6 

-4 

-4 
-12 

-1 I 
-8 39 
-8 3' 
-6 23 

I O  

16 

6 

-5 
-5 
-4 2 

. . . .  . .  

. . . .  . .  

Diff. 

. . . .  

f 4  
+ 5  
f 7  
+9 

+11 
+ I3 
+ 13 
-6 
-9 
-9 
-8 
-8 
-8 
-8 
-8 
-7 
-6 
-4 
-4 

.... 

. . . .  

Idealized 
conductivities. 

0.01041 

0.01066 

0.01129 
0.01 170 

0.01342 
0.01564 
0.0=997 
0.02402 
0.03121 
0.03754 
0.04302 
O.Oj247* 

0.01095 

0 . 0 1 2 2 0  

0.06419 
0.07963* 
0 .09 I IO* 
0 . 1 0 7 1  
0.1175 
0.1292 

0.1329 
0.1295, 

It is interesting to note, that  the maximum change in the conductivity 
of concentrated sulphuric acid, as shown in Table XI, occurs at a concen- 
tration of about 99.85 per cent. 

The exact location of the niaximum conductivity reached by concen- 
trated sulphuric acid has not been determined by this research, hut seems 
to lie near 9 2  per cent. The nearest 
measurements on each side of this concentration were made a t  89.92 
per cent. and 94.0 per cent. 

Summary. 
I .  By this investigation, there has been worked out a method for obtain- 

ing pure, permanently low melting (unpolymerized) sulphur trioxide in 
relatively large quantities. 

2 .  Absolute sulphuric acid was prepared by the direct interaction of its 
pure anhydride and water, brought together in stoichiometrical propor- 
tions. 

3. I t  was found tha t  the absolute sulphuric acid possesses a sharply 
defined minimum electrical conductivity and a sharply defined maximum 

Icnietsch found it a t  92.01 per cent. 
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freezing point, both of which results coiilirtn views held or conclusions 
arrived at by others. 

4. I t  has then been proved tha t  the preparation of absolute sulphuric 
acid may rightly be based 011 the rninirnurii specilic electrical contluc~tivit>~ 
or on the inaxiniuni freezing point. 

j .  I t  has been shown tha t  for the analysis of 9 j  per cent. or more coil- 
centrated sulphuric acid, the electrical conductivity yields results whose 
error never seriously exceeds o m i  per cent., and is generall). less. 

6 .  There has been arranged a table of specific electrical conductilities 
of sulphuric acid which may be used for analytical purposes. 

Further work on the conductivity and other physical properties of 
sulphuric acid is now in progress. I t  is also hoped tha t  sulphur trioxide 
may be more full!. investigated both as  to physical and chemical prolwr- 
ties. 

UNIVERSITY OF MICHIGAN, A N N  ARBOR,  
September, 1508. 

- - 
[CONTRIBUTION FROM THE JOHN HARRISON I,ABORATORY OF CHEMISTRY.]  

DERIVATIVES OF COMPLEX INORGANIC ACIDS ALUMINICO- 
TUNGSTATES AND ALUMINICO-PHOSPHOTUNGSTATES. 

BY LLOYD C. DARIELS. 

Keceived August 3 1 ,  rgah'. 

Some years ago B a k e  and Smith' described an ammonium and n silver 
ammonium aluniinico-tungstate, 3 ( N € r , ) , ( . ) . , ~ l , o , . y ~ ~ ' ~ ~ . 4 ~ ~ ~ ~  and I I .Ig,O. 
2 I (NH,),O,qX1,0,.36WO,, in which the ratio of aluminum oxide to 
tungstic trioxide was I : 9. I t  seemed well to prepare other salts to 
learn whether this ratio was preserved in a series of such derivatives. 

It was also desired to isolate the free aluminico-tungstic acid. ;I 
solution of i t  was, indeed, obtained, hut upon evaporation, even at rooni 
temperature, decomposition occurred. \Yhen the solution was ncu 
tralized lvith ammonium hydroxide. a salt identical with tha t  from which 
the acid was liberated, reappeared. 

Aluminico-tungstic acid reacted acid to methyl orange, and in the 
cold displaced carbon dioxide from solutions of sodium bicarbonate. 
I t  is soluble in jo  per cent. or stronger alcohol, bu t  on standing in such 
a solution the tungstic acid, or part of i t ,  is reduced, a blue solution, 
bu t  no precipitation, resulting. 'This acid was prepared b y  the method 
employed by Wolcott Gibbs and later workers, in liberating free coniples 
inorganic acids; i. c . ,  by  treating the mercurous salt with a little less than 
the amount of hydrochloric acid reqtiirecl to precipitate nll of the ntercurj- 

1 From the author's thesis for tlic PI1.D degree 
2  IS J O Y R N A L ,  25,  I??() .  


