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that the three-atom hydrate of niethylic alcohol hellaves like of the thickness of a molecule, and consequently retard the 
tlle same lIydrate of ethylic alcohol, tbough not accompa- motIOn of this layer on its neighbor. Tbe amount of tbis 
nied by condensation as tbe latter is; that the order of suc· retardation will be a functioll of the size and nnmber of the 
cession of individual substallces in any homologous series molecule introduced. There will. also, be modifying influ
is illdicated by tbeir degree of transpirability as clearly as ences here, depending on the nature of tbe bodies concerned, 
by tbeir comparative vOlatility-the largest molecules hav· the affinity of the two bodies, and their consequent combi
ing tbe slowest rates. * nation, tlms making larger molecules and groups of mole· 

Rellstab's t researches were made on the various organic cules that move together. 
homologues. He finds, as do all experimenters, that the vis- Witb substances that have a elose chemical constitution, 
cosity of all bodies decreases as the temperature increa.ses; however, comparisons are of interest and worth the pains 
tbat the quantity of gas set free in the substance has no ob- ' of making them. 
servable influence on the viscosity; that for an increase of During the last winter I undertook a series of investiga
CH. in the chemical constitution of all bodies tbere is an tions on the viscosily of the sugars, dextrine, and gum ara
increase in the ViSC08ity, which increase is greater in the bic. Space WIll not allow of but a very few of the results. 
alcohol radical tban in the aeid radical; an increase or de-' By assuming 1he timt' required for the transpiration of a 
crease of viscosity corresponds witb (be increase or decrease i given volume of distilled water, at 30" c., aB 100 seconds, 
of the boiling points, witbout being a simple function of the that required for the Harne volume uf a 5 per cent. solution 
same. of 

Gueront:t has experimented more recently on some of thc 
same bodies witb corresponding results, also done other 
valuahle work on tbe subject. 

Sprung'sll experiments were on tbe various salt solutions. 

Cane sugar is 114'6 seconds, 01' 14'6 seconds longer. 
Grape " "113'7 " 13'7 " 
Milk " "114'4 14'4 

He found that the viscosity of water was decreased at lower 
and increased at high er temperatures by the introduction of 

Dextrine, "142'4 42'4 
Gum aralJic, " 312'8 212'8 

11 soluble salt, an unexpected result There is a curious agreement in these figures; the average 
APPARATUS FOR DETERMINING THE VISCOSITY OF LIQUIDS. ! of the sugars is 14'2, dex�ri�e is just tbree tin;es 14'1 (3X 

'14'1=42'3), and gum arablC lS 15X14·2. What IS the n'ason 
The l'ssentials iu the line of appamtus are: for this coineidence? It would seem as tbough the mole-
1. A uniform cylindrical capillary tube, the length and cule of dextrine is three times as large as that of sugar, and 

diameter of which are known witlJ exactness. that the molecule of gum arabic is fifteen times as large, and 
2. A hulb 01' bulbs to connect with thc tube, the capacity also that the sugars differ but li ttle in the volume of tbeir 

of which is known. molecules. 
3. A constant known pressure which can be applied to . With solutions of .greater strengt.h dextrine a.lld gum ara-

drive the liquid tbrough the tube. ' b�c, or.at least dextnne. departs a little trum belllg so exact 
4. A suitable vessel to contain water with whieh t ' a multIple of sugar. 

t 01 the t t f· th l' 'd d t 
0 con-, In order to test the accuracy of these relations I deter-r empera ure 0 e Iqm an appara uso 

5. A good thermometer, sensitive enougb to be read to the mined the relative diffusihility of the sugars. It is we1l 
I . d C '  h h known that tbe rate of diffusion of lIny ,mbstance in water tel]! 1 ot a egree . wIt t e eye. depcndH directlv on tbe volume of its molecules-the less the 6. An accurate timer. J 

molecule the greater the diffusion and vice versa. The re-
sults are given below: The capillary tube is the most difficult part of the appara

tus to sep.ure; its diameter should not exceed 0'3 mm., and 
it must be perfectly uniform, 01' at least must not vary ati i M 1 I 'r Diffus'n much as one-half per cent. from uniformity. Its cross sec- I 

Formula. Iwe�g1�: 'I tI��· ratio. 

cm. In tlre construction of my apparatus I sought to elimi- , -----------,-------- --- --- ---
tion shoulll be a perfect cirele also. Its length about 15 I nate every source of error possible. To this end I had a re- ' I ' 
ve.rsible faucet made through wbich the pressure was ad- ' C�ne sugar: . . . ..  " C"II"Oll 342 , 14'6 I 9'05 
mItted to the tube. 1'0 use this my capillary apparatus Gl.ape sugaI . . . . ... . " C,H"O"H,ü 1!l8 1 13' 711'05 
must differ essentially from that of other experimenters, Milk s.ugar. . . .. . . .... C12H"OlllI,ü 3iiO 1

42
4:

4
4,10'9 

Thh will b e  readily understood by reference to Fig. 1. A !?('xtnne . . . .. . .. . . . ('
6
H

,OO" 
164 1922'8 j is the movable, B the fixed parL of the faucet; C C the bulbs Gum arabIC. . . . C 12H"O 11 
342 I� 

to contai!l the liquid experimented on, and D the capillary _______ _ 
tube. gIs a m

.
ercur3,' manometer, and �. rub�er tubing to, The tendency of these bodie, to llndergo chemical decomcon�lect the pal!s . . 1 he holes, c, ,,:er� dlllled lll, the one as i position interfen,s consideralJly with getting their diffusion �ar �s 

t
and opelllng lD(� the annular glOove, b, the ot�er op�n- i rati,)s: yet the resuhs obtllined agree in direction in every lllg III 0 the groove, b, tbes� glOoves make connectIons wJth 'case. The transpiration time of cane sugar is the greatest, two �utlets eacb, one 0r w:1llch goes to the manomete�, the its diffusibility should by theory be the least, which ai!Tees ot�e to one of t.he bulDs, 1ll each ca se. The press�re 18 ad- with the experiment. so also with the other two. Reasoning mItted at e, and ItS COll!Se through the apparatus 18 s}lOwn from lhe transpirability and diffusibility to the formulrn and by the darts. Whe� A l� turned through a hal.f revolutIOn by , molecule.  it seems that the formula of grape sugar ought to m�ans of lt lt, t�e due�tlOn of the pressure 18 reversed, as, be douhled. as its rnolecular 'Colurne can differ but slightly WIll �e se�n by lllspectmg the figure. . I from tbat of cane sugar; 01' if not its molecule is of ahout Th

,
lS a�1flngement of. the ap1;laratus W:Ill be fou

.
n� n?t on�y I half the density of tbat of cane sugar. By writing tbe forto result III a great savlllg of tIme, but lD more Ilccmate le- mula C H ° H ° and allo\vin'" some condenRatl'on more s lts WI th I t '  b d . . , 12 24 12 , , " '. u. \en e so u IOn to . e opera te upon IS . Ollce III tban takes place in cane sugar, tbe results are harmonized. th� bulb .. C, as many: observa�lOns can � made on It as one Dextrine accordingly would be 3(C12H,oO,O), or C.6H60030, wIshes wIthou! refillJll!\', by. slmply turlllng the faucet �nd, and gUill arabic 15(C12H,,021)' or CmH330ü!50. thereby reverslllg the duectlOn of the pressure. and nollllg' 

the time required for the liquid to pass from i to i' or the 
reverse. This part-the bulbs and tube-is immersed in 
water in a double walled vessel with glass sides, to regulate HOT ICE.* 

the temperature. A very slight change of temperature has PRELIMINARY NOTE ON THE EXISTENCE OF ICE AND OTHER 
considerable effect on the time required for the liquid to pass' BODIES IN THE SOLID STATE AT TEMPERATUR ES FAR 
through the tube from one bulb to the other. A great deal ABOVE 'rHEIR ORDINARY MELTING-POINTS, 
of care is necessary in putting the liquid in�o t�e bulb .to I By THoMAs CARNELLEY D. Sc. Profpssor of Chemistr in keep out all t rash or motes tb at may be floatlllg 111 the au', Firth College' Sheffield 

y 
a nd that would stop the tube; of course the liquid itself must , .  
be free from a1l solid particles. IN the present communication I have the honor to lay be-

The various experimenters have, naturally enongh, made fDre tbe Royal Soeiety a detailed deseription of experiments, 
distilled water a basis for comparing results and for testing pro ving tbat under certain conditions it is possible for ice 
the accuracy of the apparatus employed. I give below a and other bodies to exist in the solid state at temperatures 
table showing the results obtained hy Poisenille, Graham, far above their ordinary melting points. On a future occa
Rellstab, Sprung, and myself on distilled water, at the tem- sion I bnpe to suhmit to the soeiety a full account of tbe in
peratures in the first column. The time is a function of Ihn vestigation of w hich these experiments form a part, together 
viscosity and is given in the table, that required for the wilh the conelusi0ns to be drawn tberefrom. The bodies 
transpiration of a fixed volume at zero being taken as 100, whose behavior I propose to discuss at present are ice and 
From the table it is seen how rapidly the viscosity (or tim,,) mercuric chloride. 
flecreases with the rise of the temperature; the viscosity at 
50' C. being less than one-tbird of that at 0". 

ICE, 

In the case of ice the great difficulty to be overcome is to 

Temperature. POl�. 

-----.-- maintaill the pressure in the containing vessel below 4'6 
GralJam. I I millims., i. e., the tensiou of aqueous vapor at the freezing 

___ ' Rellst. ISprun" I True1l. Mean. � point, for it will be easily underHtood that if the ice be but 
I. H. I be suffieient tn raise tbe rressure above tb at point. After I I I "'1 I sligbtly heated the quantity of vapor given off would soon 

_________________ : ___ 1 ______ . several fruitle,ö attempts tbe following plan, involving the 

Co 
25 
30 
35 
40 
45 
50 

100 
45' 2 

37 

30'8 

:100 j• 49'5 
44'7 
40'2 . 36 8 
3il'9 
31' 1 

I : prineiple of the cryophorus, was adopted. 
100 10,0 '100 100 !100 A strong glass bottle, such as is used for freezing waterby 

50 5 48'7 50'5 50'6' 49'9 means of Uarn?s pump, was fitted with a cork and gla8s 
4,� 4!i 45 1 4.'i 45 tuhc, and the cork wp,1I fastened down by cop per wire and 
41·1 40 40'7 40'7 40 5 paraffin wax. The tube and bottle were then filled with 
37 37'2 137'1 137 2 37'1 mercmy, and the hottle connected with the end of tbe tube 
33' 9  34' 5 84 34'1 134'1 by means of the piece of stout India-ruhber pump tubing, a 
31 31· 2 31'3 31'4 31'1 thermometer having been previously attached by a wire 10 

the lip of the tuhe. The conncction was made tight by fine cop-
o .  . .  . :--------�_:_- per wire an,d wax. The tube was about one inch in diameter, 

Thc vIsc�slty of a h,qllld IS due to the resmtance of motl.on I an d about foul' feet long from the benn; after connection 
�etween adJac�nt sulfa?cs. yve a�e notcon:er�ed now wlth, wi.th the bottle it was completely filled with mereul'Y, eare "�e matbematICal conslder�tlO�s I11volved III ItS co�pllta- belllg taken to expel the air as completely as possible; the tlOn. Our pre�entpu.rpose Is w�th the results?f experiments i whole was tlien illv�rted over the mercurial trough, wben on Sf)�e orgalllc bodles, and wlth what bearmg these may the mercury fell to 0, the ordinary height of the baromf'ter. have, If any, on tbe mt,llecular formulrn of the same .. If, bc- The mercury was run out by lilting up the bottle and in· tween two smooth straIght surfaces, powders of vanOllS deo clining the tube. By this means a Torricellian vacuum was grees of fineness be introduced, the friction between thc obtained in thc flnsk nnd upper part of tbe tube. The tube surfaces w.il1 in�rease as .the powder increases in coarseness. 'was next brought to the verncal, aml the bottle placed in a Some modifi�atlOn of thls general statement will be neces- trough. A tin bottle withollt a bottom was fit ted with a s!lry, dependl11g on the nature of the powder and its rela- cork, so that it might slide somewhat stiftly along the vertIOn to the surfaces. I see no reason why the same thing is Hcal tuhe. n?t also true with liquid surfaces. If the molecules of a To begin with, the tin bottle was placed in position and 
dl�s?lved body are larg�r tban those of the solvent,. they will filled with a freezing mixture of salt and ice. Some boiled proJect beyond the surface formed by a layer of thlS solvent, water was then passed up the tube, sufficient to form a 

* Further information concerning Poi8eni1le�8 and Grahftm's researches 
can be f?und 'in ,. Watts' Dictionary," vol. iii., p. 7�2 , where quite a full 
account 18 gIVen. 

t See" Ueber Transpiration homologer Flussigkeiten," Bonn, 1868. 
t llee Oomptes Rmdu8, tome 78. p. 3 5 1; tome 7 9, p. 1201; torne 81, p. 

102 5; and particularly torne 8 3 ,  p. 1291. 
!I See" Experiment.elle Untersuchungen neber die Flu8sigkeitsreibung 

bei Solzlosungen." Berlill,1876. 

column ahout two inches deep. Tbe thermometer bad been 
previously arranged so that its hulb might be one or two 
inches above the surface of tbe water. The bottle was next 
surrounded by a good quantity of a freezing mixture of salt 
and ice, in order that any vapor given off from the watt']' in 
the tube might be conden�ed in the bottle as fast as it was 

* A paper ,'ead before tne Royal Society, January 6, t881. 
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formed, and tlms the internal pressure might never be more 
than a hout 1'0 to 1'5 millims. When the hottle had been 
suffieiently cooled, which required about fifteen minutes, the 
tin vessel was slid down the tube and its freezing mixture 
removed. The water had then solidified to a lllass oi ice, 
wbich on heating with the flame of a Bunsen burner melted 
either wholly 01' partially, and the liquid formed began at 
once to boi!. Tbe fusion commenced first at the bottom of 
the column of ice, whereas the upper part fused witb diffi
culty, and required rather a strong heat. The fusion in this 
case was probably due to the steam evolved from the lower 
portions of the ice column being imprisoned and unable to 
escape, and hence produeing pressure sufficient to cause 
fusion. 

When the greater part of the ice had been melted tbe tube 
was tightly clasped by the hand, the heat of which was suf
fieient to produce a somewhat violent ebullition. The liquid 
in boiling' splashed up tbe side of the tube and on to the bulb 
of the tbermomtter, where it froze into a solid mass. By 
this means the ice was obtained in moderately thin layers. 
The tube at points indicated by the arrows was then strongly 
he at cd by tbe flame of a Bunsen burner, wilh the follow
ing results: 

The ice attached to the si des of the tube at first slightly 
fusell, because tbe steam evolvecl from the surface oi the ice 
next the glass bping imprisoned between tbe latter and the 
overlying strata of ice could not escape, and hence produced 
pressure suffieient to cause fusion; but as so on as a vent bole 
had heen made fusion ceased. and the whole remained in the 
solid state, and neither the ice on t he sides of the tube nor 
that on tbe bulb of the thermometer could be melted, how
ever great the beat applied, the ice rnerely volatilizing with
out previous melting. The thermometer rose to temperatures 
varying between 1: oe to 180' in different experiments, wben 
the ice bau either wliolly volaülized or bad become detacbcd 
from tbe bulb 01' the thermometer. The ice attacbed 1.0 the 
latter did not partially fuse at the comm(nce1l1ent of the 
heating, because, the heat reaching the outer surface of tbe 
ice first, evaporation could take place from a free surface 
and tbe vapor not become imprisoned, was the ca se with the 
ice attached to the sides of the tube. 

The"e experiments were repeated many times and always 
with the same result, except in one case in which the heat 
n.pplied had been very strong indeed and the ice attached to 
the sides of the tube fused completely. On removing the 
lamp, however, for a few sec()\lds the water froze again, not
withstanding that the portion of the glass in contact with it 
was so hot that it could not be touched without burning the 
hand. 

The chief conditions necessary for success appeal' to be(1) That the condenser is suffieiently large to rnaintain a 
good vaeuum: in the present rase the capaeity was about 
tbree-quarters of a liter. (2) That the ice is not in too great 
mass, but arranged in thin layers. Further, in tbe case 
wbere the heat is applied to tbe under surface of the layers 
of ice, the latter must be sufficiently thin to aIlow of a vent 
bole being formed for the escape of the �team coming from 
below, otherwü.e fusion occurs. When the he at is applied 
to the free surface of the ice the layersmay be mup.h thicker. 

MERCURIC CHLORIDE, 

m.p.=288°, re·solidifies at 270° to 275°, b.p.=303°. 
About 40 grammes of pure mercuric chloride were placed 

in a tube, and a thermometer arranged with its bulb ernbed
ded in tbc salto The drawn out end of the tube was con
nected by stout India-rubber tubing with one branch of a 
tbree-way tube, whilst the other was attached to the mano
meter. The remaining branch was connected with a Spren
gel pump, fitted with an arrangement for regulating the 
pressure. 

When tbe pressure bad been reduced by means of thc 
pump to below 420 millims., the mercuric chloride was 
strongly heated by the flame of a B unsen burner, with the 
following- results: 

Not the slightest fusion occurred, but the salt rapidly su b
Iimed into tbe cooler parts of the tube, while the unvolatilized 
portion of the salt shrank away from the sideB of the tube 
and clung tenadously in the form of a I'olid mass to the bulb 
of tbe thermometer, wbieh rose considerably above 300° C., 
the mercury of the tbermometer shooting up to the top of 
the stem. After ,light cooling tbe air was let in, and under 
the increased pressure thus produced tbe salt attached to tbe 
bulb of the thermometer at onee melted and began to boil, 
cracking the tube at tbe same time. 

The experiment was next varied as follows: 
About tbe same quantity of chloride was placed in tbe 

tube as berore, and heated by the full flame of a B unsen 
burner. The lamp was applied during the whole of this ex
periment, and the size of the flame kept comtant througb
out. The mercuric chloride first liquefied and then boiled 
at 303° unner ordinary pressul'l', and wbile tbe salt was still 
hoiling the pressure was gradually reduced to 42D millims., 
when the boiling point slowly fell to 275°, at which point 
the mereuric chloride suddenly began to solidify, and at 2700 
was complt'tely solid, the pressure then being 3;6 millims. 
When solidification was complete tbe pump was stopped 
working, but the heat still continued to the same extent as 
befo]'('. The salt then rose rapidly to temperatures above 
that at which a thermometer could be used, but not the l east 
sign of fusion was obscrved. From- the completion of tbe 
solidification to the end of the experiment the pressure re
mained at about 350 millims. 

The above experiment, which was repeated three times, 
sbows, tberefore, tbat when the pressure is gradually reduced 
from tbe ordinary pressure of the atmosphere to 420 millims., 
and the boiling point simultaneously from 303° to 274", the 
salt solidifies wbile it is still boiling and in contact with its 
own hot liquid, notwithstanding that it is being strongly 
heated at the same time; and that, after solidification is com
plete at 27ft, the temperature tben rises far above the ordin
ary boiling point (303') of the substance without produeing 
any signs of fusion. Under ordinary circumstances, mer
P.llriP cbloride melts at 2880 and re-solidifies at 2700 to 275°, 
i. e., at a temperaturc identical with that at which it solidi
fies under diminished pressure, as above described. 

The solid mercUl'ic chloI'ine obtained on solidification 
nnder the cilmbined influpnce of diminished pressure and thc' 
application of a st"ong heat had a peculiar appearance, qnite 
different to that.,produced when thc substance is al lowed to 
solidify in the 6rdinary way. It appeared to consist of a 
mass of pearly leaflets closely packed 10gether round the bulb 
of tbe thermometer. 

Any final explanation of these phenomena is regerved until 
fmther experiments have been made. 

APPENDIX. 

Since writing the foregoing, it has been said in explana
tion of the phenomena therein described, that the tbermo-
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!De�er, though embedded in the mass of 'ice, did .not really I adulterated Tbe glucose varied from a small admixture of I formation of a mist, a certain sign of l
'
iqUefaCti�n or even ot md!Cate the true temperature of tbe letter. Wlth the ob- tbirty per cent. A remark by one 01' tbe dealers wbo fur- soliditication. ject, tberefore, of pr?ving wbether the ice is hot or !lot, I I nished a thirty per cent. sugar is worthy of mention in this i A comparati"e study of the mixtures of oxygen and ozone hav?, at the. sugg:estlOn of �rof�ssor Hoseoe, made the fol- place: ,:' OM they all have it, hut they don' t send any oE it:

. 
and those of oxygen and carbonic acid, shows that in very lowltig c.alorlmetncal determmatIOn: , to you. . Another storekeeper from wb?m a degraded mgar • comparabl� conditions the exp.ansion ougbt to be sensibly Th.e al rangeme�t oE the apparatus was so modIfied that was ohtamed remarked, as h� was putt lOg up the sampies, : stronger wlth the ozone tlJan wlth the carbouic acid for one the Ice, �fter bemg. strongly b�a�ed, coult! be sud?enly . tbat I was welcome to anythmg he had, as he did not sup- . to begin to perceive a mist. Tbe ozone would then be a dropped mto a calonmetcr contammg a kn.own quantlty of 

I 
poöe be w�s any worse tban his neigbbors. [ little easier to liquefy than the carbonic acid. 'fhe mixture wnt�r of .known tempe�ature . . The resultmg temperature, Tbe �hlte sugar�, powdered, granulated, et.c. , were free, of oxygen and ozone contains an explosive gas, and should aftel the Ice had been dlOPl?ed .m, was r�ad off lly a thermo- frorn tlHs udulteratlOn; 24 of tbem were furmshed dealers· always be compressed slowly and cooled' for if one doe� meier g.raduat.ed s� as to mdwate a dlffe�en?e of 0'05° q . . �nd 15 wer� pu,rchased. The sirups, of which 21 wel'e sent ! not meet these conditious the ozone deco'mposes with tbe The welght of the !Ce was found by re-welgbmg the calon-I m for cxammatlOn and 12 purchased, were also pure. . escape of heat and light, and there is a loud report uc-meter. . ""' , Th" I f . . I 'f . I companied by a flash of yellowisb light Berthelol has So far I bave only bad the opportllnity of completillg the L'tou r.- IS Important stap e Ullll� les gratl ymg resu ts. fo d tb t th t f C· f . 't b b two following determinations and in tbe second of these : O� 58 sampies examined, only 1 ha� any a!lulteratio�, and 14 
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I 
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, . . '  , tlllS was merely corn meal probably llItroduced by aCCldent ca, eqUiva en 0 - gr., e ozone may t en e the welght 01 the !Ce could not be found, as a srnall quanlity Tb t b  'd 'f b d ' placeu beside explosive gases' our experiments sbow tbat f t I t t f th � I ' t  . 
t dd e same canno e sm 0 rea , ' " ' , - , ? wa er was os ou o . e c:a on�e er, OWIDg 0 a su en, hke Ihem, thlS body lS s usceptlble to sudden decomposi-Jerk at the moment the \Ce entered It: Bread.-Of 18 sampieR, 8 contained alum. Although it is tion, 

lJy no means decided that the substance, as Ilsed by bakers,! One may aIso observe a portion of these new facts by comis hurtful, it is advised that it shoulli be prohibiled. : press�.ng the oxygen which has gone slo�ly t�ro�gh the (1. ) Weight of water in calorimeter, including tbe value 
of the lattH=185 gralllmes. 

(h'eam oj Tartar.-This snbstance is one of the articles electnc �pparatus �t ord,mary te�perature , for If �e com
wh ich are subject to gross adulteration, Only 18 sampies : p:ess thls �as rapldly In a capillary tub�, placed !n some 
were examined, but these were considered to be enougb, in : � ateF at 25 , we <?ften destroy the ?zone w Ith expl.osl�n, but 
vie'Y of the character o! the results. Six were of satisfactory If .thls same gas IS cooled at -2� , the oz?ue wh!Ch It CGn
punty. Eleven contamed sulpbate of lime, I'arying from tams may be brought to a. tensIOn of 1� �tmosp�eres, a�d 
sevenleen to ninety per cent . .  3 having nearly the latter m�y be preserved �or hours I.n these c�ndlt .lOns of lempela
!igure. Two contained no cream of tartar, but consisted tu! c and pressure, If th� gas .IS separakd flom the mel cury 

Weigbt of ice dropped in=1'3 gramm es. 
Temperature of calorimeter befol'e=13'4° " " after = 13'6" 

Rise in temperature=0'2° 
M(e-t) + 80W =W(T-H) (185X O'2\+(80X 1'3)=1'3(T-13'6) 
T=122° C. Wbere T=temperature of ice. Instead, t�e one of sulpbate of lime, alum, and acid phos-. by a colum� of sulphul\� aCid. 

, . . 
phate of Iune, and the otber oE alum, acid pbosphate, and I I� IS as

.
celt!lIlled tben almost eq��ll.l cieal ly as 1I?the pre· 

! p'ota�o starch, Cor!1 starch was also found in large propor- cedll1g exp�nment. that .tbe ozone IR agas, of a bea�tJ�ul az�re 
I tiOn m one of the Iime sulphate powders. Considering the blue, for Ib co�or IS so mtense when w� I.ncrease It� denSlty 
use of cream of tartar in baking, its impure condition is a tenfold, tuat � e bave been able to see It \Il a �ube. of 0 001 

(2,) Weight of water in calorimeter, etc. =185 grammes. 
Ternperature of calorimeter before=12'7" " " after = 12 '8" 

serious evil m. Internal diameter, wben we were operatlDg lD a very 
Rise in temperature=O'l" (,' poorly lighted room in the lahoratory of l'Ecole Normale. 

, . .  . .  Baking Powders.;-Contained alum and sulpbate of lime, It is then established tbat ozone under a strong ten�ion is a On �elghl,ng the calonmeter after the expenment, t�e ID- and werc ol'ten decidedly impure. colored ga8-but may the same be said of ozone at the ten-crease lD welght was only 0'15 grammp, but as a portIOn of . . . si"n of some millimeters? Tbe blue color characterizes the tbe. water had ?een jerked out. dll�ing the opera.tion the true im
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����nd splces lD general are qmte ozone as surely as its �m�ll, for at all the tensions we find it welgbt of the !Ce, and therefOl e ItS temperatUi e, coule! not I I]J , . , . '  on examining tbe gas to a sufficient depth It sulflces in order be found But since tbe calorimpter bad sligbtlv risen in I 

The exammatlOn of the ground lilack peppers and spices t k th' 'f' t t . t 1 t ' th d temperat�re the ice mnst hal'p beeil above 80" C • sbows to wh at extent adulteration may lle practiced when I 
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From the 'nature of the exp�riment" as carried' out on the its detection by the public is a matter of difficulty. The W 11 e sur ��e a u e 0 rn. \Il eng ' ,I:averse y e 
, t I tI 
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ht f tl ' h' b b d' d dealer hirnself appears to bave lost tbe knowled"e of tbe current wb\Ch has passed t�rough the elcctllc apparatus of 

r�t���P. 
s
�:I�'ri�:t:r

el
� o�ly sl::.��

e 
a:d

l�be�:fure 
e
the

l�i��in chamcters of the pure article, as out of 4 sampies s�nt in by B�r�lelot. r�: �flor 7h\Cf 
t
�he k gas i��n lIoss�sses re-

temper�ture is but slight But sin�e a fall in temperature of respeclable houses in this city for the Jlurpose of being ex- mlf s dne o . e ue �o or
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a much larger amoU'tlt o�glJt to have been obtained bad the amined, only 1 was pure . The othrs contained baked flonr or .ess .eep, lD propor Ion o. � Ime e oxygen as re
. b ' t 0° 't - 'd' 1 tb' t th " 

. and rice with sand enough tn )lrOVe the unclean condition �alll�d In tbe apparatus, and It IS consequently D?ore or less Ice ee�'oI ,I
,

ls con.sl eIe, a ,e a uove expen,rnents are 
of tbe e er itself rIch In ozone, As soon as we stop tbe electnc t.uhe the conelusl ve. <:tl eat cal e �as taken III order to obtalll corre?t 0 p pp . ·coloration disappears the ozonized oxygen being replaced temperature8 In tbe calol'lmeter. The latter was mclosed In ut of 18 sam pies of ground cayenne pepper only 2 were l '  ' 

several cflsinO's and the water was allowed to stand in it for pure. Out of 23 specimens of C'ommercial ground mustard, IY �lli �f
yg�n. 

b f b th tb several hours"'b�rore the experiment so that it migbt first ,21 were adulterated. Out of 36 sampIes of ground cinna- . e 0 OWlllg num �rs, rom a paper . y e sa�e au . ors 
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pe m wou no e mOle an rom l� confectioil�ry the red' colors are generally harrnless the amour.t ,or ozon� p�od.uced, 1.'ut decreased temperature 
I th E th t f k I· t d t k, cochineal but the yellowsare often fromsalts of lead. S, me cxerts a mal �ed acllon m mcreasmg the amount of oxygen n e course 0 e nex ew wee S In en 0 ma e, ' . . ) transformed !Dto ozone' one or two more determinations and if possible on a larger yellow lernon balls Y lelded seven grams of lead chromate to . 

scale. ===--_' _ ' -= '  I the pound of candy. Te��ion �8ion � ozo� 
oxygen. _,<30• 0°. 2 0° .  100°. 

ADULTEHATION OF FOODS, 
ONE of the most interesting recent contributions to this 

branch is a report on an investigation to determine the 
prevalence of adulteration in food supplies, undertaken, in 

THE LIQUEF ACTION OF OZONE AND 11'8 COLOR 
IN THE GASEOUS STATE. 

By M1I'I:. HAUTEFEUILLE and J, CRAPPUI8, 

760 108'70 82-F4 53'96 
3d0 51'6 8 3 8'76 3 1 54 1-48 
300 40'20 30 60 22'20 
225 2 4 80 22'95 15'52 0'088 
180 22'30 16 '58 10'52 

Proportion of ozone by weight. 
':.23°.----0::-'- 20°. -lolP. 

0 2 14 0'149 0'106 
0'204 0'152 0'12 5 001 17 
0'201 0 152 5 0'11 2 
0'191 0')53 0')04 00118 

0'181 0'13 7 0089 

accordance with instructions from the National Board of MM. HAUTEF13UILLE AND J, CHAPPUTS have recently pub
Health, by Dr. Smart. i lished some notes on tbis subject, whicb supply interesting THE OXIDATION OF ALCOHOL. ,information. Ozone, such as one usually prepares, possesses 

Tea.-Dr. Smart does not consider the so called ,. facing" I so Iittie tension ill oxygell, at most 53 mm., t bat the physical WHEN a dilute or alcoholic fluid is exposed to the action of 
of teas with Prussian blue and silicates as injurious. Mixing properlies of this body are hardly known and dis! inguiBhed free oxygen, the latter gradually combines with the former, 
teas is very common in this country, but it is not harmful from tbose or oxygen. The difficulties which Soret has so and according to the generally received opinion, acetic acid is 
to healtb. HIS general results were as folIows: ably overcome in determining tbe density of ozone by I the product of the change. The formation of acetic acid may 

The teas examined numbered 117, but of these two wbich operating on weakly ozonized oxygen are known. ODe of I be expressed in chemical notation as folIows: 
were grown in Georgia, and six öent specially frolll Japan, the fixed phys!cal properties of this body is its heat of for- C H 0 + 0 - C H 0 + H 0 
may be excluded from present consideration. OE the lU9 Illalion, which was accurately determined by Bertbelot, in Al�ohol 0 y'gen - Ac�t'c' a�id W't 
remaining, 90 were obtaincd from sources which presumably I spite of the state of dil ution in whicb i t is found on leav- I . X .  I ,  a er. 
should have furnished a pure article, while 19 were pur- ing tbe apparatus for ozonization. Tbe preparation of a' This oxidation is brought about through the influence of a 
chaseL! at such stores as might be expected to furnish an mixture very ricb in ozone is then the first condition tu certain ferment called Aceti mycode-I'ma, but other ore;anisms 
adulterated article, if adulteration was at all prevalent. In be fulfilled, in order to acquire new notions of this curious are also capable of inducing the same change. Acetlc acid, 
no case was a leaf observed wbich was not a true tea leaf. body . We bave al ready establishrd tbe fact that the iso- however, can be formed from alcohol without the agency of 
Of the 90 the only cases of debasement were those already meric transformation of oxygen subrnitt!ld to electricity organized ferments. Dobereiner's celebrated experiment 
mentioned as bavingprobably originated befOl'e importation, obeys simple laws, and that the proportion of ozone increases proved that the vapor of alcohol was converted into acetic 
while 5 of the 19 were so deteriorated that an analyst would but very little with tbe pressure for every temperature, acid by the agency of porous platinum, wh ich possesses the 
have been warranted in repol'ting them as fraudulently wbereas, in passing from 20" to _55", tbe proportion of remarkable property of condensing gases upon its surfuce, 
adulteratcd-one, gunpowder (Y 2), from an excess of lime ozone increases fivefold. Removed from the action of elec- and thus the alcohol and oxygen are brought into sufficiently 
sulphate faciug; one imperial (W 2), from admixture wilh trical discbarges, tbe mixture of oxygen and ozone ceases to elose contact to combine. Other porous materials besides 
sand. and tbree, imperials (Y 1, 2, and 3), from the presence , be a homogeneous and balanced system; in spite of that, spongy platinum possess this power, althougb, perhaps, not 
of exhausted leaves, Whether tbese debasements were I the mixture is preserved without appreciable alteration. to the same degree; but it is right to mention that, according 
etrected in China or in this country is an open question ; but as long as a constant temperature is maintained, if we I to Pasteur, the oxidation of alcohol into acetic acid is due to 
from the character of thtlEnglish uuporlations it is probable operate on it below 0". Tbis relative slability of ozone the intervention of one of the oxidizing ferments. The cells 
that exbausted leaves are dl'iell and recolored in this coun- allows us to compress the mixture, >lnd to ohtain the tensions . of tbese organisms probably act mucb in the same manner as 
try, for sale among the poorer classes of tbe community. of ozone of several atmospheres. As it is necessary to pre- the spongy platinum-namely, by condensing the oxygen 

pare ozone, destined for these experiments, under the withlll them, lind thus, by rendering it more concentrated, Goffee -In tbis popular beverage somethill� more positive strongest possible tension, one must ozonize oxygen at a making its ener/!'y greater. In a dilute alcoholic fluid like was reported; but, Oll tbe wh oie, the examination did not very low temperature. Consequently the oxygen remains a beer, we have all the conditions favorable to tbe produclioll yield serious results. Tbe invcstigator says: quarter of an hour in an apparatus of alternating discharges, of acetic acid, and the change is undoubtedly hastened by I he Most of tbe dealers with whom I bave cnnversed have whose concentric tubes of tbin glass are dipped into chlo- porous character of the wooden vessels in which beer is usu-been strong in tbeir belief that adulterated coffee is not to he ride of methyl, then one passes it into a test tube, terminated ! nlly stored, Even if tbe pores of the wood do not possess the found in this country, as the beans are either home-ground by a capillary tube of the Cailletet apparatus. This rese\'- I power of converting alcohol into acetic acid, which Liebig or ground by the supplying- grocer. The results of Ii B, voir, of about 6) C.C., at first empty and kept at -2B', not land many other chemists claimed for them, theyat least serve Hill's examination for tbe State Bo:\rd of Health of Massa- being able to fill itself at one time under a pressure approach- : as efficient carriers of the minute organisms wh ich, according cbusettssustains this opinion, as ten sampies 01' ground coffe .. , ing 760 mm., is put rapidly in communication, five times suc- I to Pasteur, are the principal agents in the pbenomena of obtained in bulk, were found to be pure, wiJile seven pack- cessively, with the electric apparatus, tbe capacity of which I acetification. In drawing attention to tbe changes in the oxiage sampIes consisted of one with no coffee, two with very canuot exceed 20 c .c .  In a quarter of an bour one succeeds I dation of alcouol, which have so much interest for brewers litlle, and four with from fifty to seventy per cent. of coffec, by this method in filling tbe test tube with a mixture of on account of their disastrous effects on beer, it is necessary tbe rest being roasted whe"t, peas, b�ans, and chiccory. But oxygen and ozone, very fully charged with the latter ,Il.'as' l' to point out tbat there is an intermediate product. Midway the supplying grocer is not to be trusted in all cases, as out The test tube is then taken away from the cbloride of methyl between alcohol and acetic acid there is a substance called of the few purchased sampies of lonse ground coffee which and separated from tbe electric apparatus, and tbe gas aldehyde; as its name implies, it is alcohol deprived of hydro-bave been examined du ring the present investigation,one d '  f 
. d b ' "  

contained a small percentage of cbiccory, wbiletwoconsisted wbic� it cont�ins is driven �lo�ly back by mercury, cooled ge!l' �ln ItS . ormatlOn an su �quent c�)DVerslOn . lIlto acehc 
largely 01' chiccory and roasted beans. Onl.y one sampIe nf to 0° III a capillary tu be mamtamed at _23°. Tbe mercury aCid IS explamed by the followmg chemlcal equauolJ: 
package coffee was received, and it sustalned the accuracy :vhicb tl:ansmits the pre�sul:e of the hydr,aulic press �oes not C,H,O + 0 C,H.O + H,O 
of Dr. Hill's results. Chiccory, com, wheat, and rye were Impovensh !he gase?us mlxt.ure as qUickly as mlght be Alcohol. Oxygen, Aldehyde. Water. 
noted on the microscopic field as adu1tcrant�; but adulterants feared; a solId glaze IS formrd on the surface of the metal, 
of what? for nocoffee had been discovered, and half a dozen which rapidly limits the action; tbe heating of the gns dur- It will be seen that the change is really an oxidation of the 
successive slides cltrefully eXtlmined failed to show the ing tbe compression is more formidable, In spite of these nlcohol, although the oxygen acts by removing a portion of 
presence oE tbp, nominal article. difficulties one succeeds in increasing the tension 0E the the hydrogen. Thc subsequent conversion of aldehyde into 

Th f ff . d f ozolle to a considerable degTee. From the first working of acetic acid by means or another equivalent of oxygen is ex-rec ext:acts or essences 0 co .ee were examme , one 0 the pI'ston, the capI'llary tu"-e becomes of an azure blue ,' tbl's d b th f 11 ' l' which consisted of chiccory and the two others of roasted IU , presse y e 0 owmg equa IOn: . 
sLarehe,. Two of these bore on the label an nffer of a re- coloration is intensified in proportion as we reduce tbe volume C,H,O + 0 C,H,O, 
ward for proof tllat any otber extract oF coffee was as pure of gas; a,nd if tbe tension of tbe ozone is brought 1J;y t.be Aldebyde. Oxygen. Acetic acid. 

h' h d b 
. 

I f th compreSSlOn to be one of several atmospheres the gas 13 10-as they, w 1(; oe, not say muc 10 a genera way or e digo blue, and the meniscus of mercury, seen througb the When tbe vapor of alco.hol is oxidized by means of spongy purity oE extract of coffee. Two salllpies of chiccory were 
' d h f h' h f d . gas, is tben of a steel blue. Tbe blue color of tbe gas, platinum or other powerful oxidizing agents, aldehyde ia examllle ,bot 0 w IC were OUIl pure. becomes less intense, and tbe mercury regains its usuall formed in large quantities, and it is more tban probable tbat 

Sugal'. -Cane sugar seems widely adulterated by glucose metallic appearance as soon as tbe tension of tbe ozone I the cells of the oxidizing ferments act in a similar manner. 
manufacturcd from st9rch. On tbis point tbe result was as diminishes. The preceding mixture contains enough ozone 

I
' In this way aldehyde lIlay often be formed in beer, and as 

folIows: for one to observe a thick white mist at the moment of aldehyde po�sesses a peculia.r fruity odor and is very volatile, 
Among 47 brown sugars, most (lf which were furnished the expansion which succeeds a compression of 75 atmo- .\ this body may play an important part in developing the 

Oy dealers who knew that their sampies would be examined, spheres. lt is not then necessary to compress tbe ozonized characteristic flavors and aromas of different kinds oE beer. 
tbere were found 3 wbich contained glucose, wbile among oxygen as much as tbe pure oxygen-300 atmospheres-in The detection of aldehyde in be er is attended with consider-
38 sampies purehased for analysis no less than 9 were tbus order to determine by a sudden expansion the momentary able difficulty, but several investigators have identified it as 
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