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characteristic of the curve, i. t., the acid radical is the basis 
of the structure of the molecule, and the bases in combination 
with i t ,  do not alter the general molecular architecture. 

When more complete data have been obtained some interest- 
ing developments in this direction may be expected. 
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N making an analysis of illuminating gas by Hempel's method 1 it was noticed that the determination of the constituents Iiy 
explosion was by no means as accurate as that  made by absorp- 
tion. This  had been observed by HinniaiiJ and is probably due 
( I )  to the fact that  an aliquot part of the residue (after all absorp- 
tions had been made) containing the methane and hydrogen is 
used, necessitating the rnuitiplicatioii of errors by n factor as large 
as four or five, and ( 2 )  to the possiIi,le absorption of the carboii 
dioxide formed by the water in the burette. T o  obviate these 
difficulties, i t  was determined to use all the gas left after the 
absorptions had been made, mercury as the confiniilg liquid and 
to explode with pure oxygen rather than with air. Instead of 
using the gas left after the actual absorptions, which would be 
of unknown conipositioii and troublesome to obtain, an artificial 
mixture, made from methane, hydrogen and nitrogen, approxi- 
mating closely to the composition of the residue, was employed. 

Pre#amtion of the Gaseous i'Mixtures.--The hydrogen was pre- 
pared by the electrolysis of water;  it was then shaken u p  with 
potassium pyrogallate to remove the slight quantity of oxygen 
with which it was mixed. and upon analysis was found to con- 
tain four and two teiiths per cent. of nitrogen. In making an anal- 
ysis of hyd.rogen, we would lay especial emphasis upon the 
necessity of having the ratio of explosive mixture to inert gases 
as great as I : 6 as Hempel' recommends, in order not to burn 
the nitrogen. 

1 Prepared for the  Springfield Meeting. August 28,  1895. 
2 The work described in this paper  formed the basis of a thesis preseiited by Mr. 

Hunt to the Faculty of the  Massachusetts Institute of Technology f o r  t h e  Degree of 
Bachelor of Science. 

Inspection of Gas  and G n s  l leters.  
p. 12. 

8 Massachusetts Senate Document No. 16. 1 % ~ .  

.I Heniprl. " Gasanalytische Methoden " p r j z  
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This is considerably larger than that which Bunsen' recom- 
mended, which may vary between the limits twenty-six and six- 
ty-four of combustible gas to 100 of incombustible. Unless the 
larger ratio be adopted the determination of hydrogen may come 
two and a half per cent. high, as  is shown by the following table : 
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TABLE I. 
Hydrogen taken cc. Ai r  used cc. Ratio. Per cent. hydrogeti. 

DETERMIXATION O F  THE P U R I T Y  O F  THE HYDROGEN. 

20.5 185.0 I : 5.7 95.8 
20.5 185.0 I : 5.7 95.8 
50.0 115.0 I :  1.2 98.3 
50.0 115.0 I : 1.2  98.0 

The  nitrogen probably burns to N,O,, as  the characteristic 
dark red fumes of this gas were frequently seen in the pipette. 
By the Griess test with a-naphthylamine we were able to prove 
the presence of quite a quantity of nitrites in several cases. 

In  making the analyses of hydrogen by the first method it was 
necessary to connect and disconnect the burette three times in 
each case; the error which might be introduced was determined 
with the following results : 
TABLE 11. SHOWING THE ERRORS IS MASIPCLATIOS I N  COSSXCTISG 

THE BURETTE AND PIPETTE. 
Burettefuls. Air put in cc. Air takeu out cc. Errors cc Remarks.  

-2.91 

3 210.2 208.7 -1.5 I 

207.4 +o.6 1 o connections 3 210.3 
3 216.0 216.6 wired. 

I All  connections 
fo" 1 wired bu t  one.  3 213.3 213.8 

I 97.6 97.2 -0.4' 111 connections 

3 237.5 237.3 4 . 2  1 
I 97.2 96.8 4'4!' . wired. 

The  oxygen was obtained in a similar manner to the hydro- 
gen and contained one and six-tenths per cent. hydrogen and 
one and four-tenths per cent. nitrogen. The  nitrogen in both 
these gases probably came from the distilled water electrolyzed, 
which was not freshly boiled before use. 

T h e  nitrogen employed was prepared by removing the oxygen 
from the air by means of phosphorus, allowing the gas to stand 
in the light twenty-four hours to deconipose any ozone, and 
subsequent treatment with a small quantity of alkaline pyro- 
gallate. 

1 Runsen, ' '  Gasometrische Methoden " (1877)  p. 73. 



988 .lL:GITSTUS H .  G I L L  . iSU ~ . ~ ~ l ~ ' l ~ I ,  1'. ICL'S'l'. 

A n  attempt was iiiade to prepare the I!letliaiie by the usual 
method of heating sotliuni acetate with sodiuiii li!.tirositle n i i d  
qtiicklime : tlie gas \vas fouiitl to 1)e bo largely roiitaiiiii;nted 
ivitli h~.drog-eii,-as high as teii per ceiit. lxiiig fouiid-:is to i ic 
unfit for our purpose. This result is directly a t  \.ariaiice LvitIi 
tlie statciiieiit of Freyer and lIc!.er' i i . l i ( i  sa!' that this proevss 
" furnishes a l-er). approxiiiiatel!. pure gas." 

S o r  dit1 tlie nietiiod of Cladstone : ~ n d  Tribe.L the reactioii of 
a ziiic-copper couple upuii iiivtli!.l iodide, a t  first !,ieltl a i iy  bet- 
ter results, oivirig possilily to t i i t  ivater i i i  the alcohol used. T o  
obviate this aiid also preveiit the possible forniatioii of etliaiie, 
anli!.tli-c)us iriethyl alcohol was sul,stitutetl for the o rd i i i a r~~  alco- 
hol usuall!. eiiiplo>.ed. T h e  air  i i i  the apparatus :vas displaced 
1 ) ~ .  carboii dioxide aiid the iiietliaiie collected, treated \vi t l i  potas- 
sium Iiydroxidc to absorb this impurity. L l ~ i  aiialysis of the gas 
thus inatie, 1.1). esplosioii with ox!.gen aiid also \vitli air-care 
be i 11 g t a ke 11 to :i TYJ i d 11 urn i 11 g ai i y I i it ro g e  11-shoiv c tl t li e iii e t h a 11 e 
to lie cheiiiically pure. 

T h e  gases thus prepared and also the iiiixtui-es iiixle froiii 
the  11 I , i v  e re s tore ti i 11 bot t 1 e s prov i ded wit 1 i do u 11 1 J, -per lo ra t e d 
rubber stoppers carr!,iiig a tube for the iiitroductioii of ivater aiid 
a ttilie for the egr T o  render these al)solutel!- 
t ight,  tlie stoppers were fastened i ~ i  by fitting a i m s s  plate to 
cover the toll of the stopper. and by iiieaii3 of l)r:i,<s 1)olts : t i i d  

iiuts passiiig tlirougli 1vix-e loops around the neck of the bottle, 
pressing the stopper finnly into the neck of the bottle. Joints of 
this kind are sufficiently tight to withstand a pressurc of h!.tiro- 
Zen. ' To reduce the possibilit!. of the traiisfusioii oi the g:iseh 
to a iiiiniiiiuiii, a slight outivard pressure was niaiiitniiietl i i i  eacli 
1)ottle and it \vas inverted in  a pan of water. T h e  separate gases 
ivere kept i r i  this way  for about two months, freshly distilled 
lvater tieing used to displace the quantities requisite for the vari- 
ous  mixtures. These mixtures made from them stood in no case 
over two days,  before being completely used up, so that the 
atiiounts of methane and hydrogen dissolved. by the distilled 
nTater, used to displace the various volumes taken, were negligi- 

of the gas. 

1 Zt'lirhr , fJhJ .5 ,  C h ! ' > I L , ,  I I .  2h. 

3 1  (%PIl I  SU!., 45, 154. 
:3 Gi i l  : /. A n a l .  A,b,bi. Clrrm.. 6. 601. 
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ble ; the coefficients of absorption of the various gases not being 
widely different the ratio of the gases would remain the same 
within the errors of the analysis. 

T h e  gases were mixed by displacing the water from a liter 
bottle with the proper amounts of methane, hydrogen and nitro- 
gen-measured by a burette-care being taken to leave some of 
the water to act as a stirrer, and then thoroughly shaking the 
bottle. By connecting this with a bottle of distilled water by 
means of a siphon, the requisite quantity of gas for an experi- 
ment could be displaced into the burette. 

Method of Procedwe.--Fifty cubic centimeters-this being 
about the usual residue from Boston gas after all the absorbable 
constituents had been removed-were measured out, mixed with 
about sixty cc. of oxygen and burned in an explosion pipette 
devised by one of us.' This combustion took place in different 
ways, a t  first as  one explosion, and later by two explosions, 
with the idea of diminishing the error due to the possible coni- 
bustion of nitrogen. I n  using the latter method it was found 
necessary to make the ratio of the explosive mixture to inert 
gases, nearly I : 2 in order that  any explosion might take place ; 
with some mixtures not strong enough to explode, if care be not 
taken to pass the spark but a short time, the fine platinum wire 
becomes heated and finally glows, similar to the platinum sponge 
in the Dobereiner lamp, producing a very slow combustion, 
causing annoyance and delay in the analysis. A rough experi- 
ment may very well be made at  first, to determine the composi- 
tion of the gas under investigation and then suitable quantities 
of oxygen added for the first and second explosion. 

The  residue in the explosion pipette was, in every case, trans- 
ferred to an ordinary Hempel burette for measurement, mercury, 
instead of water, being the confining liquid ; the gas was passed 
into potassium hydroxide and then into pyrogallate for the deter- 
mination of carbon dioxide and oxygen. It is almost impossible 
to avoid sucking back some of the absorbents into the burette, 
which being strongly alkaline, would vitiate the next analysis 
by absorbing carbon, dioxide ; to obviate this difficulty the 
instrument was washed out with dilute acetic acidP'and then with 
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1 Gill : /. A m .  Chcm. Soc., 17, 7 7 1 .  
2 If  hydrochloric acid be used it forms a precipitate of mercurous chloride upon the 

wnlls of the pipette. coming from the mercurous salts produced by the action of the 
.oxides of uitrogetr upou the mercury. 
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water. aliiiost filled with mercury allowed to stand about half an  
hour,  the water which collected at  the top displaced and then 
used for the nes t  deterniination. 

Instead of using the ordinary doubly bent 
connecting tulle, this was varied by the in- 
troduction of a T joint, which is found es- 
pecially convenient in adding successi1.e portions of o x ~ ~ g e u .  
'I'he burette being connected a t  b! the pipette a t  p 3  and the oxy- 
xen at o ,  oiie cnii add the oxygen without disconnecting the 
burette eacli tiiiie. By connecting in a short tube at o ,  and fill- 
ing it Ivith niercur!., the capillaries can be filled with niercury. 
:in iiiiportatit point in preventing the rubber coiinectors froiii 
Ileirig liurst 1 ) ~ .  the force of the explosioii. A l l  rolinectioiis 
5lioultl he carefully ~ i r e t l .  13). the iise of t \vo  .set,% of apparatus 
t\vo :irialyscs may  be executed at oiie tiiiie. i i i  one nii Lihsorptioii 
lie taking place, i i i  another ail explosion, etc.  Six ailaIyse5 i i i  

three hours ivere frequently niatle. 
C(z/m/a!im qf A'rsu/fs.--Tl~e calculatioii of the results of the 

cxiplosioii \vas iiiade according to the directions of Hempel, that  
is i n  accordance ivith the reactions : 

CH,+20,  = C 0 , + z H 2 0 .  
2H, f 0,2 = 2H20.  

+tip 

'['lie \~)luiiie of cnrlmi dioxide obtained represents the methane 
present, and t\vice this voluiiie subtracted from the total contrac- 
tion, gives the contraction due to hydrogen ; this latter being 
1ilultiplied by two-thirds, gives the amount of hydrogen present. 
'I'able 111 shons the results obtaiiied. 
'1.\ l i i ,~: ,  TII.-AS \I.YSIS 01 :  .\ >I I? (TI .Kt . ;  OF Z?IETH.lSE, ~ ~ Y U K 0 C ; b : S  .is11 

\ l i . \ t i l i c  O X ? . g r l l  31 e t  h R I I  e Hydroxen Sitroaeii 
< <  j'rr cci l i  IJCT C r l l t .  per cei i t  per cent. 

5 I .'I hg.0 . 33 ,3  54.1 10.6 

S I T K o G E S  IiV O S ) :  ~ X P i . ~ S I O X  WITH O X Y G E S .  

4Cj.S hj.2 34.7 54.8 10.g 

-19.7 65.6 .35.1 53.9 1 1 . 0  

5' 5 h i  .s ,i j . 0 53.6 1 1 . 1  

J C I ,  7 ,j6.0 jj.0 54.9 11.1 

.- 
5". I 61 .; 34.5 5 5 . 0  1 0 . L j  

5 9 4  72.8 24. I 55.0 10.6 
49.4 56.2 i 4 . . i  55.0  1 0 . 7  

49.2  58.3 3.3.4 5 5 . 0  11.6 
54.9 10.3 49.9 

hvcragc 34. j 54.7 10.8 
I I.,,< , , / .  21: Theory 34.7 53.5 11.8 

- __ .. 5.5 ' fl ,343 
- . .. 
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T h e  results obtained in the estimation of the methane -are 
quite satisfactory and are probably within the limits of error of 
the apparatus. T h e  hydrogen is high, due to the fact that  
the methane is low, and possibly also to the burning of the nitro- 
gen. 

I n  order to diminish the error from the latter source, a new 
mixture was made, and analyzed by exploding twice successively 
with oxygen, care being taken to add as little oxygen for the 
first explosion as  would make the mixture combustible. Table 
IV  shows the results obtained. 
TABLE IV.-ANALYSIS OF A MIXTURE OF METHANE, HYDROGEX A N D  

NITROGEN BY Two EXPLOSIONS WITH OXYGEN. 

51.2  40.0 40.9 32.6 46.6 20.8 

Mixture Oxygen used Methane Hydrogen Nitrogen 
cc. first time, second time. pe r  cent. pe r  cent. per  cent. 

51.1 41 .o 39.9 32.0 46.5 21.5 
56.7 40.0 50.3 32.1 46.7 21.2 

50.9 32.0 51.1 32.3 47.6 20. I 

53.4 35.0 45.6 31.7 48.1 20.2 

50.9 30.0 52.9 32. I 48. I 19.8 
49.3 29.0 47.7 32.2 47.9 '9.9 

19.2 50.7 31.0 49.6 32.3 48.5 

Average 32.2 47.55 20.25 

48.5 31.0 45.7 32.2 47.5 20.3 
50.3 31.0 49.8 32.4 48.0 19.6 

- - -_ 

Theory 32.2 47.7 20. I 

T h e  results are very satisfactory and if we compare them with 
those of the preceding table (111) , we see that the average is more 
nearly correct than that of the former, and the deviations from 
the mean much less. T h e  first three present the greatest varia- 
tion in regard to hydrogen, it being one per cent. too low, these 
two had the greatest proportional aniount of oxygen in the first 
explosion which is anomalous. 

I n  order to obtain an  idea of what takes place during the first 
explosion, several were performed and the per cents. of methane 
and hydrogen which burned determined. 
TABLE V.-SHOWING THE AMOUNT O F  METHANE A N D  HYDROCEX 

BURNED WHEN AN INSUFFICIENT QUANTITY O F  OXYGEN IS PRESENT. 
Methane Hydrogen 

mixture oxygen present burned burned present burned burned 
cc . cc. cc. cc. pe rcen t .  cc. cc. percent .  

53.0 29.2 17.1 4.0 23.4 25.0 12.5 50.0 
53.4 29. I 17.2 4.3 25.0 25.2 11.7 46.3 
55.0 33.6 17.7 4.9 27.7 26.0 16.7 64.3 
57.4 35.2 18.5 5.2 28.1 27.1 17.0 63.8 
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About sixty per cent. of the hydrogen burned and, contrary to 
the usual opinion, twenty-five per cent. of the methane and 
only about fifty per cent. of the oxygen. 

By way 01 comparison with the usual method, a series of 
analyses of the same mixture was carried through, employing a 
smaller quantity and exploding with air ; the mercury explosion 
pipette was used as  before aird the residue after explosion meas- 
ured in a burette using water. ab is customary. instead of mer- 
cury a s  the confining liquid. 
TARLI: VI.-ANALYSIS OP A MIXTCRE OF 

NITROGEI~ BY EXPLODING 
SIirttire Air Methane 

cc. cc. per  cent.  
17.8 79.8 29.8 

16.3 81 .j 33.7 
15.3 8 2 . 2  31.4 

15.9 82.4 31.4 
16.1 78.2 39. 1 

16.8 80.5 33.3 
16.1 82.0 30.4 
16.2 81.2 36.4 
15.8’ 79.5 31.6 
15.1 82. j 33.8 
16.2 82.6 31.2 
14.8 83.8 34.4 
15.9 84.3 33.9 

Average 33.1 

MET HA NE, 
XVITH AIR. 

Hydrogen 
per  cent 

45.3 
49.3 
42.5 
38.6 
~3’4 
42.3 
44. I 
33.4 
40.0 
3S.o 
42.9 
38.4 
37.7 
42.2 

Sitrogen 
p e r  cent. 

24.9 
19.3 
23.9 
30.0 
30.5 
24.4 
25.5 
30.2 

28.4, 
28.2 
25.9 
2 7 . 2  

28.6 
26. j 

Theory 32.2 47.7 20. I 

Deviation f o . 9  -7.5 +6.6 

These figures substantiate those of Hinman,’ the results for 
methane and nitrogen being high and those for hydrogen low, 
the variations between the different analyses are even more 
marked. I t  is to be noticed that,  contrary to expectation, the 
results upon the methane are high,  indicating perhaps that the 
water in the burette is without appreciable solvent action upon 
the carbon dioxide formed. T h e  discrepancy in the estimation 
of hydrogen is explained by the increase in the percentage of 
methane, any increment here being first doubled and subtracted 
from the “ total contraction,” and then approximately doubled 
in making the calculation, lowering as  a consequence the hydro- 

1 These  last five were measured a f te r  esplosioti with thc  mercury burette.  
2 Lor. C i f .  
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gen by about four per cent.,.leaving three and five-tenths per 
cent. to be accounted for. 

Almost the only supposition to account for this phenomenon 
is the somewhat anomalous one, that under these conditions the 
hydrogen is not completely burned. 

I n  order to determine the effect of certain errors, such as the  
reading of the burette-graduated in fifths of a cubic centinie- 
ter-and any mistakes made in transferring the gases, the fol- 
ing assumptions were made (Table V I I ) ,  and. the deviations 
these might produce were calculated by the method of least 
squares, with the results showed in Table VIII .  
TABLE VII.-SHOWING THE VOLUME OF GASBS TAKEN AND THE ERRORS 

ASSUMED IN THEIR MEASUREMENT AND MANIPULATION. 
Oxygen method. Air method. 
cc. error. cc. error. 

Gaseous mixture taken..  . . .  50.  0.15 1.5. 0.15 
Oxygen (or air) used ....... 60. 0.15 85. 0.15 

Residue after explosion. .... 33.  0.25 21. 0 .25 
Carbon dioxide formed.. .... 16.  0 .25  5 .  0.25 

TABLE VIII.-sHOWING THE DWIATIONS TO BE EXPECTED IN THE DE- 
TERMINATIONS OF THE VARIOUS GASES UPON THE ASSUMP- 

TIONS IN TABLE VII.  

Methane.. 0.51 I .64 
Hydrogen 0.82 2.40 

Oxygen method. Air method. 
per cent. per cent. ....................... 

....................... 
......... Nitrogen (by difference) 1 .70  4.30 

T h e  results of this investigation may be summarized as fol- 
lows : 

( I )  T h e  niethod of preparation of methane by heating sodium 
acetate, hydroxide and lime together does not yield a pure gas. 

(2) T h e  niethod of determination of methane and hydrogen 
by one explosion yields results accurate to less than five-tenths 
per cent. of the methane and three-tenths per cent. of the hydro- 
gen. 

( 3 )  The  method by two explosions yields results with in two- 
tenths per cent. of methane and three-tenths per cent. of the 
hydrogen. 

(4) When a mixture of hydrogen and methane is exploded 
with a quantity of oxygen insufficient for both, but more t h a n  
sufficient for either, about sixty per cent. of the hydrogen and 
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twenty-five per cent. of the methane and fifty per cent. of the 
oxygen are consumed. 
(j) T h e  method of determination of the gases by one explo- 

sion with air gives results not within nine-tenths per cent. of 
the methane and seven and five-tenths per cent. of the hydro- 
gen. 

In concluding this article we would express our indebtedness 
to Mr. R. B. Price for preliminary work which served as  the 
foundation of this thesis. 

-__. 

NEW BOOKS. 
A M m c - a L  OF QUALITATIVE CHEMICAI, Axntus~s. Rv E. I ) .  HARRIS ,  

PH.D., LL.D., Professor of Chemistry in Amherst College. New 
edition. Thoroughly revised and corrected. Anilierst, Mass. : Carpen- 
ter  tk Morehouse. 1895. pp.  308. Price $1.50. 
'I'he author of this book is a veteran teacher, and this new 

edition is the result of the experience of his laboratory teaching 
for over a third of a ceiitury. The  book is divided as follows : 

Part I .  Examination of solutiolis : Sec. 1, Bases ; Sec. 11, Acids. 
Part  11,. Examinations of solids. 
Part 111. Qualitativeseparations: Sec. I, Bases; Sec. 11, Acids. 
Supplement : Reaction of rare eleinents ; Use of the spectro- 

Appendix : Preparation of reagents ; Table of solubility ; Index. 
Par t  first gives the reactions of each of the metals and acids, 

and is interleaved that the student may write out the reaction- 
equations on the blank pages. This  is intended to be used incon- 
nection with unknowi solutions containing a single base and acid. 

Part second is a guide to the systematic examination of solids 
according to the plan wliicli was first introduced by the author 
and has since been very generally adopted. This  is perhaps the 
most valuable part of the book. 

Part  third takes up the separations of metals systematically, 
using the methods which have proved most satisfactory in the 
Amherst laboratory. Alternate methods are in a iiuniber of 
instances given, but generally only a single method ; the idea is 
to avoid confusing the student with a number of different ways 
of working, the relative merits of which he  is incapable of esti- 
mating. This  part is very complete, covering practically all cases 

scope in analysis. 


