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neath the Solar action incomparably more accentuated 
than those exhibited by the Earth.  

As no  ~.otatoi-y motion has ever been observed in 
co~ne t s  or their atmospi~eres, \ve feel authorized in say- 
ing  that if it does exist it is exceedingly s lo~v,  \vitliout 
taltiug into account the fact that  comets always present 
the same side to the Sun. The  second method of' heating 
should therefore be produced. In every plain passing 
through the centre of tlie Sun and the nucleus, there will 
be a double atmospheric circulation. On the in'erior, the 
comets advance to\vards the Sun as though the gravita- 
tion there was intensified. On the exterior, they deviate 
as  i f  the gravitation was tlimiuished, or rather as  though 
there existed somc repulsive force emanating from the 
Sun, affecting the exterior surface of the cometary atmos- 
phere, and actingsolely upon it. In reality, this repulsive 
force does not exist. It seerns as th0ug.h it did, however. 
and under contiitions analagous to th&e inferred by M: 
Faye. All the consequences therefore, which he deduced 
in order to explain the formation of the tails, are developed 
naturally. There is nothing here to be altered. 

I do not think, however, that this theory is sufficient to 
a.ccount for cometary appearances. On the contrary, it 
is n ~ y  opinion that electricity has a great deal to do with 

But before entering upon this let us first return 
to terrestial phenonlena. 

I t  has been that 
electricity exists in atmospheric altitudes, and that ~t in- 
creases according to  the height. It is atlrnilted gener-
ally that atmospheric motion results ; that  it is (leveio?e(l 
by e\'apo"ation at the ring of aspiration ; that it nlolreS 
from the time it leaves this ring until it reaches the poles 
under the form of two currents in the rarifirtl air which 
it illumines. Towards the sun it is the zodiacal light, 
invisible when close to this planet, but extending a suffi- 
cient distance to be perceiveti, especially near the equa- 
tor. Close to the poles it is the aurora borealis, which 
we see obliquely and which appears more lurni~ious than 
a t  the zenith, hecause it has greater density and is more 
concentrated. 

a 'Ornet the warmth Occurs at point where 
trade winds  come together O l l~os i t e  to the But 

analogous electric actions should be manifested, illun~in- 
ate the head and produce the appearance ot effluviums 
s~~cceed ingeachother like the stratifications in a Geissler 
tube, accompany the counter trade winds to the opposite 
side to illumine the tail, and he prolonged to a great dis- 
tance like the luminous rays in Mr. Crookes's appar-a-
tuses. No doubt, matter ~7ould  be contained in the tail, 
but rarified to an  estreme degree and made visible hy 
hoth the solar light and the electric current. 

M. Flam~narion would be quite right then to attribute 
this shining to electricity. On the other hand, M. Ber-
thelot's ohservation would be justified, and the develop-
ment of this electricity \vould be doe to the phenomena 
of and mo"ement situated in  atnosphere. 
W e  must insist upon this point. 

T h e  recent study of cometary spectra has shown us 
beyond the possibility of a doubt that the interior aureole 
and the  tail contail, carburetted gases wllicll ell,it a 
of their own. Now, they can only become luminous in 
two ways;  either by combustioli or by a11 electric eHu- 
vium. If by combustion, we have yet to explain how they 
take fire and h o ~ v  they continue to  burn indefinitely. 
which seems very tlifficult. For in this case, all the 
~naterials of which the comet is composed ~vould  be red, 
anr! the spectrum would contain the bright spectral rays 
of the metals as  we see them in the electric arc burning 

mid air. Notllillg of this kind occurs. TIle light is 
absolutely like that of the arc when the vaporous carbon I 

i s  transported to the torpid gases without burning. It 
shows no brilliant metallic bands, any more than this arc. 
T h e  light, therefore, cannot he the result of fire, but is due 
to illumination made by the currents. 

I think that  the Sun determines gaseous currents in 

cometary atmospheres analogous to terrestrial trade 
wintls and counter trade winds ; that this circulation pro- 
doces near the Sun effluviums arising from the head of 
the nucleus and transports to the opposite side the 
substances which are on the exterior, producing upon 
these substances the effect of a repulsive force emanating 
from the Sun, a force which has absolutely no misott 
d'2tre. Besides this, I think this circulation is accom-
panied by an electric movement which illumines the gases 
either towards the head or tail, as  the case may be, malting 
them visible to us notwithstanding the feebleness of their 
density, and precisely on account of this feebleness. 

AhIYLOSE : ITS C O x S T I T U E x T S  A N D  hIETHODS 
F O R  T H E I R  ESTIMATION.  

BY H. W. \\~II.EY. Lafayette. Indiana. 

I l,rol)ose the llame A~~~~~~~ fnr the of  
sugar and sugar-like substances derived from starch. 

These substallces are now known by Inany different 
appellations, and often the indiscriminate use of these 

gives rise to a great (leal of  misunderstanding and 
confusion, Among them I lnay mention sugar, 
starch sugar, dextrose, (lextrine, glucose, n,altose, fruit 
sugar, etc. These names do not always have the same 
signification in different localities. For  instance, glucose 
and dextrose, in Europe,  signify the same procluc-, while 

this country they embrace sullstances 
besides. 

~f desigllate starch sugar in general by amylose 
then terlns glucose, (Iextrose and Illaltose can be 
used to designate cer ta in  definite constituents of amylase, 

Amylase is composed of three ingredients. 
Is t .  Dextrine,  Pure dextr ine is very difficultto obtain. 

I t  is obtained almost  pure by  the  dry roasting of 
The  temperature du r ing  torrefaction must not be carried 
too 2 1 0 ~ - 2 7 5 ~ . starch itself has a specificrotatory 

of 2140 (,), Boildollneau (lot. [it,), asserts 
there are three dextrines, in which aj ( ~ ) = ~ 8 6 0 ;  in 
which aj = 176" ; (y), in which aj  = 1 6 4 ~ .  According to 
Musculus and Grubber (a) ,  there are five (lextrines ; viz. : 
(il), soluble starc), colored red by iotiine aj  = 218 ; 
( B ) ,  Erythro dextrine, red color with iodine; rotating 

poce,r extrine, trine, not coiored by ioclille, j = zlo. 
(d),,3Achroodextrine, aj = 190. 
(e), 7 ,  Achroodextrine, aj  = I jo. 
Of these varieties the first alld second do not reduce 

the copper solutions while the  ot~lersdo. If the 
reducing of dextrose be  talien at Ioo, that of the 
third of the above clextrines will be 12 ; the fourth 12 aud 
the f i f th28. 

03Sullivan admits existence of but one  dextrine 

wi$h)hacs::4i4) tries to shorx, by llistory of multiIlles in 
the rotating power of the carbo-lly~rates that there are 
at  least three dextrines in which the value of a j  is 186, 176 
and 164 respecti'ely'

I mill not multiply authorities concerning the rotating 
power of dextrine. I have quoted enough to show the 

state of  our  ltno\\.leclge on the subject. 
The chelnical of dextl.ille are equally as 

undeterminable. 
Gentele is cluite confident that  dext,,ine will reduce 

the alkaline copper solutions and on this he  bases his 
of separating tlextrille from other  sub-

Sta"ces by ferricyanitleof potassium' 
( ' 1 2  (')IBondonneau ( 7 )  are 

- . -~~ .-

TI)Bondonneau, Eer. d. Ueu.  Chem. Gesel., IX, 69. 

jq j  ~ ~ m 5 , " ~ ~ ~ ' ~ ~ ~ ~ ~ ~ r { $ ~ $ { f I I 
14jri, 
e,,. [I. ueutsch.  them. Gesel., r , i - ? - ~ g ~ . 


(9DDg. Jourilal. CI ,II ,  P. 139. 

( 0 )  . c  CLVIII, p.  40.iL 

(7)  Rull. de  In Soc. Chim., 1 8 ~ 4 ,XXI, 11.50. 
(6) Zeit. fur  Anal. Chem., 1870, p. 158. 
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positive that  dextrin does not reduce the copper solution 
except on prolonged boiling. 

My own experience is that dextrine does not reduce 
Fehling's solution except on prolonged boiling antl then 
by the dextrine being slowly converted into dextrose. 

To  secure the reduction of the dextrose and the re- 
ducible portion of maltose it is not necessary to boil the 
solution more than two minutes, and during this time the 
amount of dextrine reduced is wholly inappreciable. 

Color w i t h  lorlzize. Rondonneau (" says, dextrine 
colors a solution of iodine a dark red, but that it is 
without effect on caustic soda. Musculus & Gruber (9), 

found that some varieties of dextrine colored iodine 
solution red, while others were without action on it. 

In general it will be found that most substances pur- 
porting to be dextrine give a reddish color with iodine. 
For my part I do not know of any method by which 
absolutely pure dextrine can be prepared. 

Fe~?1zeiz2'abz'Zity. Respecting this property the most 
contradictory statements are found. The weight of 
authority leans to the non-fermentible doctrine. I t  is 
probable that before dextrine ferments it is first converted 
into dextrose. 

Foruzntzbn. In addition to the nlethod bv roastinci. 
dextrine is always formed when diastase or dilute acizs 
act on starch. 

Some authorities maintain that  tlextrine in such cases 
is a l~vays  the first transformation product and that the 
others are clerivetl from it. 

According to Musculus (In), dextrose and dextrin are 
formed s~mchronously by the action of sulphuric acid 
on starch and in the proportions of one part of the 
former to two of the latter. This  proportion is main- 
tained until all the starch disappears. T h e  further ac- 
tion of the acid then tends to convert the tlextrin into 
dextrose. O'Sullivan (I1) states that by the action of 
diastase, both tlextrine and maltose, and nothing else, 
are first produced froill starch under certai;] conditions 
of temperature (below 63O), antl in the proportions of 
one part of the former to  two of the latter. T h e  pro- 
portion, however, only obtains when the specific rotatory 
power of the mixetl bodies is equal to 1 7 1 ~ .  

From a careful study of all the data I could obtain 
I concluded that  very little is yet known of the real 
proportions of dextrine which amyloses formed by 
heating starch with tlilute acids contain. 

~ ~ A L T O S E .Dubranfaut ('7first pointed out the prob- 
able existence of a t  third transformation product of 
starch in addition to  the two which had long been 
Itnown. But we must accord to O'Sullivan ('3) the merit 
of having first isolated and studied the properties of this 
body. H e  of the  Chemical' has given in the ~ o z ~ u n n l  
Soczety, within the last decade several papers on the prop- 
erties of this important saccharide. H e  gives its specific 
rotatory power (a)= 150'. T h e  same value is also given 
by Musculus and Gruber, ('9, 

JoshidaI5 found a slightly higher number. For  (a)j this 
would give 1 3 5 . ~ 3 6 .  

Maltose is formed chiefly by the action of diastase on 
starch at  a temperature not exceeding 75'. But it is also 
formed, but in smaller quantities by the action of dilute 
acitls. 

I t  is well establishetl that maltose has the power of re- 
ducing the alltaline copper solution and in the proportion 
of 65 to I O O  compared with dextrose. W e  here find an  
easy explanation of the fact that so many chemists haveaf- 
firmed that dextrine acted on copper solutioils. In all these 
cases the tlextrine doubtless contained maltose. With-
out citing further from the literature of maltose, which is 

( 3 )  Loc. cit. 

(1") Annnl. de Chem. et Phys., p. 203. 

(I1) ch~112icaZI\~?ws.1876, 861-218. 

(12). Anall. de Chem. et Phys. (3) XXI, p. 168, 

(I?). Tour. Cliem. Soc. Vol. X, zd series. 

(14). Loc. cit. 

(15). Chem. News, 1881. 


all recent, I wish to call your attention again to the 
nuinbers representing its rotating antl reducing power, 
viz. 150 and 65. 

.id. DEXTROSE. This  substance is the final aroduct of 
a <ornplete saccharification of starch. I t  11as'a.sllghtly 
bitter taste, which is probably clue to the development of 
a bitter principle on long boiling with acids. This bitter 
taste is not noticed in the products less perfectly con-
verted. 

Dextrose possesses in the highest degree the power of 
reducing the copper solutions. One gramme reduces 
2.205 g. weighed a s  cupric oxide. I ts  specific rotatory 
polver has been the subject of much controversy. 

O'Sullivan gives 57O.6 = (a) 
Tollens " 56 = -

53.17 = (a) j. (I6). 

T h e  differences in results which the above numbers 
show do not indicate so much errors of observation as  
they do the impurities which the purest tlextrose is lilrely 
to contain. A s  a mean of these numbers, we may take 
(a) = 56 and (a) j. = 50.5 (by calculation). 

Pure dextrose is almost insoluble in absolute alcohol, 
while it is very soluble in water. According to Anthon 
(I7) 100 parts water dissolve 81.68 parts tlextrose. T o  
tlissolve one part, 50 parts of alcohol, .83 sp. gr,  are re-
quired. Tlihen subjected to fermentation, dextrose affords 
48 per cent alcohol (IS), while cane sugar antl maltose 
each gives 51 per cent and dextrine none a t  all. 

I have thought it useful to give the above brief reszcnte 
of the literatureof amylose, because the conclusions to be 
drawn from it will go  far to explain the anomalies of the  
numbers which the following analyses and methods of 
analysis will show. T h e  whole subject is a matter of 
considerable scientific interest on account of the immense 
production of amylose in this country and the laws which 
some of the States have passed to regulate its sale. In 
the present state of our knowledge I arn at  a loss to see 
how the real constitution of an rtmylose, or mixed sugar, 
can be established before a court of justice. T o  show 
this I will give synopses of a few of the 

RIETHODS O F  ANALYSIS 

7ohzi.h hnve  bee~z j ro josed .  
I shall not attempt to give an  out-line of all the  

methods which have been proposed for tletermining the 
amount of dextrine and dextrose in amylose. Until with- 
in a few years they were all based upon the assumption 
that these were the only transformation protlucts of 
starch--an assumption which we know to be false. Re-
duced to first principles, all the methods may be com- 
prised under three heads. 

1st. T h e  retluction o f  certain metallic salts by the  
dextrose, antl estinlation of dextrine by difference. 

zd .  Fermentation of tlextrose and estimation of dex- 
trine by difference. 

3rd.  Precipitation of the dextrine by strong alcohol and 
estimation of the dextrose by difference. 

Remembering the facts established in the first part of 
this paper, it will not be hard to show the fallacies of these 
several methods. 

1st. Metallic salts, especially the compounds of cop- 
per, mercury and ferro-cyonigen, are all reduced by 
maltose a s  well a s  by tlextrose, and on prolonged boiling 
in a slight degree by tlextrine also. Thus  the total reduc- 
ing effect does not measure the amount of dextrose pres- 
ent only in case maltose is completely absent. In corn- 
mercial am~lloses this is never the case unless it be in 
rare instances of high pressure conversion. 

zd .  Fermentation not only converts dextrose into 
alcohol and carbonic dioxide, but acts in the same man- 
ner oil maltose. For  a given weight maltose gives even 

(16). Rer. d. Deutsh Chein. Gesel., 1876, p. 420. 


(17). ( D i j ~ ~ ,  CLV, p. 41).
Yor~~.iaoZ,, 
(IS). O'Sullivail loc, cit. 
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a higher percentage of alcohol than dextrose, and in the 
proportion of 51 to 48. Whether dextrine is ferinei~tible 
or not has long been a subject of bitter discussion. T h e  
weight of authority seems to be in favor of its fermenta- 
bility by a slow conversion into dextrose. Thus  by fer- 
mentation we are not sure of getting the amount of dex- 
trose present even when maltose is absent. From this it 
appears that the process of fermentation is likely to give 
less reliable results than reduction affords. 

gd. Precipitation with alcohol is even less reliable than 
the method just given. Alcohol of 90 per cent ceases to 
give a precipitate long before the dextrine is all corivertetl 
into dextrose, as  every grape sugar maker well knows. 
If absolute alcohol is used, dextrose is also precipitated. 

Anthon has shown'Vhat  fiity parts of alcohol of 
.83 sp. gr,  will only dissolve I part of dextrose. Anvthing 
like an  accurate separation, therefore, by this method is 
impossible. 

As  an illustration of the variations in the coml~osition 

fied by blood charcoal, or plumbic acetate. These sub- 
stances, as  I have shown (21), tend to diminish the 
rotating power. T h e  clearer definition, however, of the 
neutral point in part compensates for this loss in gyratory 
power. 

I11 the light of the foregoing resunzd it is possible to  
explain the results of my own work, although I a m  far 
fro111 thinking that anything better than approximate per 
cents can yet be obtained. 

W e  hare  seen that an ordinary amylose, whether liquid 
or solid, colltams about 86 per cent of material not 
water. One per cent, nearly, of this is ash and optically 
non-active matter. Ten grammes of amylose, therefore, 
will contain an average of S.5 grarnmes optically active 
matter. If this were all dextrose it \voultl give in ~ o o  C.C. 

an angular rotation of 8'.67. This is obtained by the  

formula n = -o x v  
% x w,  


Here ni. = sp. rot. power for yellow ray. 

of different specimens of amylose I will cite the f d l ~ o w i n ~  8 angular rotation. 
aralyses by Steiners": V = volume of solution in c. c.

I. 11. 111. IV. 1, = length of observation tube. Water.. . . . . . . . . . . . .  

Ash.. . . . . . . . . . . . . . . . . . . . . . . . .  .3O 2.50 .40 1.10 

Dextrose . . . . . . . . . . . . . . . . . . . . .  45.40 26.50 76.00 . . .  In a 


..... . 15.50 6.00 13 30 7.60 .... 
W = weight of substance in grammes. 

large number of cases where I heated the  amy- Dextrine. . . . . . . . . . . . . . . . . . . . . .  9.30 1j.90 . . . .  39 80 
 lose with dilute sulphuric acid from 4 to 6 hours, I ob-Maltose . . . . . . . . . . . . . . . . . . . . . .  28
oo 40.30 5.00 42.60 
tained an average value of 0= S0.S5. This  shows that  Carbo-hydrates . . . . . . . . . . . . . . .  
 1.50 7.00 j.30 890 

prolonged boiling does not convert all the alnylose into 
homogeneous dextrose. 

If the substance under examination were all maltose 
the value of aj v,~ould be 135.36 and H would become 
23' nearly. T h e  highest number I ever obtained for an 
anlylose was 2 2 O  .24. This shows that even this speci- 
men, with such a h ~ g h  rotating power contained some 
matter in a weaker degree of optical activity. 

Finally, if all the snbstances present were dextrine, I 

hly own analyses have given results quite a s  puzzling 
as  the above, although I have never been able to satisfy 
myself with such exact expressions of percents. 

I have heretofore been glad when, by hard ~vo1.k and 
liberal guessing, I could conie any way near the truth. 
T h e  author of the above table leaves us in charming ig- 
norance of the methods by which such accurate percents 
were obtained; a t  least, of methods which would stand 
the test of criticisms, while the bunching of all the un- 
knowab le~  as  cnvbo hyrdmies s quite morthy of the rea- 
soning of the Concord School of Pl~ilosoplly. I have 
given enough, I thiuk, to show the untrustworthiness of 

~voultl not be able to tell theoretically what its rotating 
power would be, since we have just seen that destrine is 
assigned different degrees of activity by different authors. 
As a nlean of these I think we may place dextrine aj 
=176O, although I do not \vish to be understood a s  
stating its real value. 

This woultl give a total angular deflection of 29"early. 
7'he ~ ~ r o b l e m  of analvsis is therefore a t  the uresent time 

methods now in use, and of the results obtained by them. 
I am sorry that I have nothing very much, if any better, 
to propose as  a substitute. W h a t  I have been able to 
accomplish I will now briefly describe. 

in the follo\ving strztlts ; 
I .  Ill every amylose there are present at  least three 

liintls of optically active matter, viz., tlextrose, maltose 
autl destrine. 

2 .  There are present in every amylose t\vo kinds of re-
ducing matter, viz., tlestrose and maltose. 

3. A high retlucing power sho~vs  a high percentage of 
dextrose present. 

4. A high rotating power, which is always shown when 
the retlucing ponrer is low, indicates a large percentage of 
inaltose and tlextrine. 

;. From a very extended series of analyses, I ~vil l  say 
that there is no inethotl linown which \\,ill give reliable, 
or rather exact, numbers for the percentage of the tliffer- 
ent constituents. 

6. I propose to attempt the accomplishment of this 
very desirable result by first polarizing and then reduc- 
ing the sample, ant1 then repolarizing the residue. The  
tlificulties of preserving a standard volume ant1 of getting 
a solution sufficiently clear for polarization have preventetl 
ine hitherto from obtaining any results. I hope to over- 
come these troubles and to establish thereby a reliable op- 
tical methotl of tletermining the percentages of tlestrose, 
maltose and tlextrine in amylose. 

Prof. Cantoni has been appointed director of the meteor- 
ological observatory, to be erected at Pavia. Observations 
are to be made on the influences of light, heat, and elec- 
tricity upon vegatable growth, in addition to the ordinary 
meteorological and magnetical work. 

'9Ding. Jour., CLV., p. 41. 

THE ANALI'SIS OF A3I'iLOSE. 

Water .  I have estimated water in a flat platinum dish. 
Only two or three grammes should be taken, though in 
many of my analyses I have used more. This  dish is 
placed in a second one, and this in a paraffine bath 
heated to 1 5 0 ~ - 1 7 o ~ .  T h e  object of the second dish is 
to keep the wax from touching the dish which is to be 
weighed. After two hours the weight is sensil~ly con-
stant, and the whole mass is quite brown. I believe the  
method will give the  water to within one-hali of one per 
cent. 

Ash.  There is only one iuethotl of determining the 
ash, i.e., by incineration in a shallow platinum dish in 
a muffle. The  per cent of ash in a strait ainylose is 
extremely small. In most cases its cjuant~ty may be 
neglected as  far as  practical purposes are concerned. 
T h e  determination of the ash is chiefly useful to furnish 
a clue to the purity of the sample. 

Re2en'?tczizgMatter .  I determine by Fellling's solution. 
It will be found most convenient to take 10 S.in 1000 

c. C. In all cases the volumes of the solutions employed 
should be as  nearly the came a s  possible. 

KotaiLizq Power is determinet1 by using ~ o g - .of the 
amylase in ~ o oc. c. If 26,048g. are talien the weight 
of cane sugar, which gives 100 tlivisions on inost 
polariscopes, the rotation is so great that the neutral 
point is thrown entirely beyond the graduation. In 
illany cases of high conversion, however, this would not 
be the case. If the solution is turbitl it must be classi- 

"Zeitsch. f. d .  Gesch. Rrauwesen, 1879, Ko. 11, p. 339. 

(21). (These proceedings Vol. 28, p. 317.) 



