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shore, the rise and fall lasting from �alf an hour to .an own elements. Carbon l!-nites with hydr<?gen to forlfl ,ori!:\,inally contain�d in the rocks in which . it is fo�nd, 
hour or more. This has occurred dunng a comparatIve marsh gas, CH.; also wIth oxygen, formIng carbomc or In closely assoCIated strata. As we saw In conslder
calm on some occasions, while on others, though a acid, CO., while hydrogen. and oxygen unite, producing ing coal, the deca;v of vegetation at ordinary t�mper.a
strong gale has been setting inshore I have not noticed water, H.O. These reactIOns are proved to take place tures, when takmg place out of contact wIth arr, 
any difference in the lake's level ; s� it would seem that by the continual g�ving. off of marsh gas and c�rbonic produces I marsh ?-,as. Peat bogs yield infla�mable 
this occurrence is not altogether attributable to the I acid from the coal m mmes, these two gases beIng the I gases, and sometllles also members of the bItumen 
wind backing up the water. Another curious feature iR I fire da�p and choke damp, so dreade� by: miners. i series. closely allied to . �etroleum an� asphalt, thus 
the periodical rise and fall which, according to the na- AnalysIs also shows that the bubbles WhICh rIse to the showmg the decompOSItIOn of orgamc matter to be 
tives, takes place every tw�nty-five years, and which is surface when we stir up the decaying vegetable matter 1 competent to pro�uce petrole�m. . 
shown by the water marks on the shores. At the time at the l?ottom of a �nd are composed of these gases. I • There are two VI�W� as to tl:llS method of de<;o,mposI
of my visit the lake was between eight and nine feet be- Startmg now Wlt� 2 molecules of cellulose, or tIOn:. One, th�t It IS a . pnma�y decompOSItIon of 
low high-water mar.k, and the people told me that cer- C"H,oO", by subtractmg 9 molecules of CO" 3 of CH4, organ!c matter III or assocIate� WIth the strata .whe�e 
tain lands then under cultivation would again be flooded and 11 of H.O, we have left C .. H .. O-the formula f?r tI;e oil IS found-the pro�uctIOn, therefo:r:el bemg 'tn 
in due season, and that the peninsula �n which �y an average cannel coal. In the sam� wa� we obtam s'tfu; . the other, that a pnmary decompOSItIOn of the 
camp was pitched would again become an Island." SIm- C .. H.oO.-the formula for average bltummous coal-}OrganIC matter .to hydrocarbon .compounds first t�kes 
ilar changes of level have been noticed both in Lake by the subtraction of 7molecules of CO", 3 of CH" and 

I 
place, from WhICh compounds 011 and gas are denved 

TanganYIka and Lake N yassa, and it is very desirable in 14 of H.O; and finally, if we de.duc.t 10 CO" 10 CH., by distilla�ion and carried by �ydrostatic presslfre to 
the interests of geography as well as the development and 10 H.O, we have left C6, whIch IS pure carbon or the overl¥mg porous strata, whICh act as .reserVOIrs. 
of the continent that continuous observations should graphite. Thus reactions known to occur are shown The chIef exponent of the theory of prImary decom
be made in order to discover what is the real character to be capable of producing coal from vegetable matter position is Prof. T. S. Hunt, who holds that petroleum 
of these �hanges. -another strong argument in favor of this theory. is principally derived from animal remains contained 

It is almost certain that bitumin9us coal has been in limestone rocks, though he admits a few cases of 
formed in the manner indicated/from the original vegetable origin. 

THE ORIG IN OF COAL AND PETROLEUM. * vegetable matter, without the "aid of heat, the strata The theory of distillation is most fully sta�ed by' S. F. 
B A E F f N k N J found with it showing no signs of metamorphism. The Peckham, in the report on petroleum contamed m the y . . ORSTALL, 0 ewar , . . f th "s 

. 
1 R t f th U ·t d extreme varieties of coal, anthracite and graphite, are tenth volume 0 e peCIa epor s 0 e m e 

THE average gas engineer finds his time so fully always found however, associated with metamorphic States Census of 1880." He considers that petroleum 
taken up by the routiue of his position, or by investi- rocks, so that 'it is almost equally certain that in their was formed by distillation principally from beds of 
gations bearing directly upon the improvement of the case heat has played a part in the complete expulsion shale containing fucoid· plants and animal remains, 
processes with Which he has to deal, that he has little of the hydrogen and oxygen. Such heat need not be with limestone as a minor source, basing this view 
leisure for original research in outside fields. When, extreme, a temperature of 300" to 4000 F. being suf- upon the variations in composition of petroleum found 
therefore, the wisdom of the" powers that be" in the ficient to produce all the metamorphic effects found in in different portions of the same field, which he t�inks 
Western Association assigns such a subject as this for the anthracite regions. can only be accounted for upon the theory of fractIOnal 
a paper, there surely can be no expectation of the The origin of the coal thus determined, how can its distillation. In the case of the Pennsylvania oil field, 
development of anynew and startling facts or theories. accumulation in its present form of numerous seams the oil is derived principally from vegetable remains in 
The idea must rather be to obtain a summary of facts throug-hout the coal measures be accounted for? This rocks far below the present level of oil occurrence, the 
and theories already known to and advanced by geolo- accumulation certainly took place in the presence of heat for its distillation having been supplied by the 
gists, with a brief, succinct statement of the argu" water. In no other way can the preservation of the causes that resulted in the upheaval of the Appalachian 
ments for and against these various beliefs. It is from original organic matter which would have decayed if mountain system, and the evidences of this heat are to 
this standpoint that what follows has been written. left exposed to the atmosphere, the presence of inter- be found deep down beneath the unaltered rocks in 

Geology is, from the nature of things, an indefinite stratified layers of clay, sand and limestone, or the which the petroleum is now stored. Peckham also 
science, in so far as it deals with the earlier periods of stratification of the coal itself, be explained. Besides, I considers the occurrence of large veins of solid bitu
the eartll's existence. -StUdying the effects produced the plants found in connection with the coal seams are: men in fissures and metamorphic rocks as a further 
by natural forces at the present day, it reasons that in such as grow in moist ground. Opinion, however, is proof of the fact of distillation. 
the past similar effects argue the operation of the same divided as to whether the growth and deposition took In Vol. VI. of the" Reports of the Geological Survey 
fo�ces ... But even. the record of tpese effects as con- place on the same spot or whether the latter occurred o� Ohio," Prof. �ward Orto!l,. the State Geologi�t, 
tamed m the portIOns of the earth s crust explored by at a distance from the original home of the plants dIscusses the subJect of the ongm of petroleum qUIte 
the geologist !s very inco�pletei many �aps being left being brought about by the formation at the mou�h� extensiyely:, r�viewin� the var!ous theories . give!l 
to be filled m by deductIOn, a ways hable to error. of rivers of the so-called" rafts," an example of whICh above, mdICatmg theIr weak pomts, and statmg hIS 
Any mOJl!.ent �ay bring forth so�e new fact, ups.etting is found at the mouth of the Red River. The theory own views, derived from a special study of the Ohio prec0!lceIved Ideas and compellmg a remodeh,ng of of growth in situ seems most probable, agreeing better fiel�s in conne<;ti<?n with a general study of .th� whole 
theones. However, the. theory as to the fonnatIOn of 

I 
with the facts of the comparative freedom of coal from subJect. Admlttmg the great want of �efiIllte mform

coal now gen�rally held IS .apparently; as firmly founded ash which is intermixed inorganic matter; the exist- I ation that I?rev.ents any theory �rom bem!:\, accepted as 
as any geologlca� speculatIOn, and �ll probably never ence on top of the seams of numerous perfect specimens per�e�t, he mclmes toward the �dea of pnmary <:iecom� have to be matenally altered. That m regard to petro- of the most delicate parts of plants and the number of poSItIOn as the great factor m the productIOn of leum is not so certain, but accounting satisfact�rily for stumps found apparently in the exact condition and petroleum, a decomposition including l;lOth vegetable 
all the facts as known, must be accepted untIl some position in which they grew in the under clay. I and animal matter, according to locatIOn. Thus the 
new and irreconcilable discovery is made. The study of the strata of the coal measures seems, ,large amounts of nitrogen and sulphur in the Lima and 

Let us take up coal first. Almost all the coal known also to indicate that the forests from which the larger California oils, the unstable character of the latter, 
to an� .w.orked by man dat�s fro1f1 the qarb?niferous coal' beds have been formed grew at the mouths of and their presence in limestones . filled �i�h animal 
age dIVISIOn of the ?aleozOIc pen<?d, taking. ItS name rivers, on low lands more or less marshy and subject r!'lmains, ar� strong proofs of an anlm8;l orIgm. These 
from the ex�e:t;� of �ts coal for�atIOns, !1nd Itself cap- to overflows from the rivers, with occasionally an hmestone OIls a.re . dar� and heavy, wI�h a rank odor, 
able of subdIVISIon mto thr� mmor perIods; the Sub- incursion of the sea due to a gradual subsidence of the and are easily dlstmgUIshed from the OIls of a probable 
Carb�niferous} .the Carbomferoa8 proper and the continent. The land area of the earth bearing then a yegetable ?rigiI?, such as the Pennsylv:ania type, comPer�I��. It IS m the �easu!es . of the ,second .of these much smaller proportion to the water than it does at; mg from bltummous sh�les and found m san�s�one.s. 
s ubd�vlsIOns that c0 8;l IS prmCIpally found, m sea�s the present day, the air was more saturated with I As an argument agamst the theory of dIstIllatIOn, va,rymg from a fractIOn of an m9h to 40 0 1',50 ft. I� moisture and consequently the climate was mU:h I Prof. O�ton cites th� fac� that the study of the r?cks 
thICkn�ss. Un�er each coal �eam .ls a bed of tire clay , warmer and more equable; water vapor, from ItS. underlymg the OhIO 011 �elds, l?y means of bormgs 
a,bove It a cov�rmg of black bltummous slate. !>- pure, property of allowing luminous heat rays to pas� almost I c�rried 1,800 ft. belo:" the Ol!-bearmg .strata, s�ows no slllple seam IS rar�ly more than 8 to 10 f�. thick, the, untouched, while almost completely abso�bmg the i SIgns of metamorphism, w�1l9h, as thIS depth IS below 
mammoth seams bemg formed �y tI;e runnmg tog!'lther dark rays radiated back from the earth, bemg one of: the only known sources of OIl supply o� the Pe,nn.syl
of se.veral seams th!ough th� thmnmg out ?f the mte.r- the potent agents in storing up in the earth the heat vania type, would seem to condeIl�n the Idea of dI�tIlla
medIate strata, whlCh are still to be found m very tI;m commg from the sun. These conditions of constant tion. In favor of the theory of prImary decompOSItion, 
lay�rs through t�ese seams, Between the seams, WIth moist warmth, coupled with the presence of an excess he notes the fact that �t the presen� day, in Trini!iad, 
theIr accompany�ng clays and bla<;k slate, are layers of of carbonic acid in the atmosphere, produced a most beds of slate formed m conwaratlvely �ecent tmleS sandstone and lImestone. A sectIOn through �he coal luxuriant foreo-;t growth, continuing for years and beneath the sea, but now raIsed above ItS level and 
measures shows a number of se�ms of . coal, m some forming a constantly thickening deposit of vegetable containing. abundant veg:e�able re,mains, are yiel?�ng 
cases as many as 50 or 60, of varIOUS thIcknesses and matter. N ow and then an overflow of the river covered petroleum m large q llantltIes by dIrect decompOSItIOn 
deg�ees of purity, separated from. each other by inter- this deposit with a thin layer of sand and mud, on top of vegetable tissues, this petroleum passing into 
venmg �t�ata of san�stone and hmes�one. The vege- of which a new seam began to form. At longer inter- asph�lt as a . result of exposure to the atmosphere. 
table OrIgm of coal IS no longer conSIdered doubtful, vals an inrush of the sea put an end to vegetation and But If the actIOn took place where the petroleulll could, 
and quoting from �e Conte's "�le1f1ents ?f Geology," formed a stratum of limestone. But gradually the I be stored(mt of c0!lt�ct with the ail', it woul� remai� we .hav� the followmg as the pn,nCl�al eVlde�ce . upon sediment brought down by the rivers built up on the I as petroleum. .Thls I� what has happened III the o�l 
W�IC.h IS based tI;e present SCIentIfic unammlty of sea bottom new deltas on which a new growth began fiel�s. A tropIcal chmate seems necessary for thIS 
opullC!n on the subJec�: . . and the process was repeated. 

I 
I actIOn. . .  . "Jilirst. -The remaIns of an extmct vegetatIOn are Thus by the alternate growth and submergence of Applying the VIews derIved from the foregomg facts found in abundance in inllledia�e connection with the vast forests, were the materials destined to produce to explain t�e origin of t�e oil of E�stern OhIO and 

coal seams, stumps and roots m t.he under cl!1y and these deposits of incalculable value formed and stored Pennsylvama, the foll<?wmg theor¥ IS worked out: 
leaves and stems m the black slate m c,ontact WIth the under the conditions necessary for their future trans- I These fields were the SIte of a tropIcal sea, upon the seam, and even embedded in the sealfl Itself, formation. Slowly during the thousands of years of 

I 
floor of which the shales constituting the chief source 

"Second.-These vegetable remams are not only the Carboniferous 'period, did the energy of the sun of the oil were accumulated. The rivers emptying into associated with the s�m, bu� �ave o�ten ��emselves transform the carbonic acid of the atmosphere into I this sea laid do�n sedimentary deposits of clay and 
become coal, though stIll retammg theIr ongmal form solid carbon' still more slowly through the succeeding' sand, with occaSIOnal gravel bars. In the sea itself 
an.? str.ucture. . , eras came the changes bringing this carbon to its, was a vast d�velopment of marine vegetation. �ome 

Th'trd. -Not only these easIly: recogmzable em- present form, and now, after ages ?f preparati<?n, man of the especIally abunda:t;t plants had v�ry resmous bedded fragments, but the embeddmg substance also, is "unbottling the sunshine," modifymg the rIgors of spores and spore cases, WhICh were set free m enormous the . whole coal seam, eve� �he most structure�ess winter and turning night into day with the rays appa- , quantities, and, in connection with other portions of portIOns and the hardest V�rIetles, .such as anthraCIte, rently lost millions of years ago. I these and similar plants, were carried to the bottom in when. carefu}ly prepa�ed m a SUItable manner and Turning to petroleum, we find opinion much more! a macerated. condition., the.re to pass through the coaly 
e:x;ammed Wlt� t.he mIC� 08cope, show vegetable cells divided, and no such general knowledge of the subject i transformatIOn, resultmg m the structurele�s carbon
WIth characterIstIc markmgs. . as to warrant implicit belief in any particular theory. I aceous matter that �onstantly cha�acterIzes black 

"Fourth.-A perfect gradatIOn may be traced from The various theories may. be divided into tW? classes; 
I 

s�alesl a,nd �hat can stIll be made �o YIeld by: destruc'Yoo� or pea� on �he one hand, through brown coal, those asserting a derivatIOn from the chemIcal re,ac- : tlve dIstIllatIOn members of the bItumen senes. T}�e hgmte 8;nd bltummou� coal, to the most stru9tureless tions of minerals or inorganic matter and those claIm- i shales thus slowly accumulated at the bottom of tlns 
anthraCIte and graphIte on the other, ShOWI,ng that ing an organic origin through the decomposition of gulf must have behaved as similar shales do now, 
these . are all diff��ent terms of the same . serIes. In vegetable or animal matter. . . I petrole,ulfl and bitumen being formed as in the case of 
chemIcal compOSItIOn, too, the same serIes may be The theories of Berthelot or MendelJeff are leadmg 

I 
the Tnmdad shales. The petroleum was absorbed by trace�. examples of the first group. According to the former, the particles of clay in contact with it, or if formed 

"Jilift'!'.-The best and most struc,tureless peat, by petroleum is formed by the action of water, carrying, in the water, was caught by floating particles (clay hyd!auhc pressure, may: .be made mto a s�bstance carbonic acid in solution, upon alkali metals existing I possessing .the prol?erty of absorbing oils in a marked havmg many: of tI;e qualitIes. and uses of coal. . in a free state and at a high temperature in the center degree), bemg carrIed �y the� t? the floor of tI;e sea These are, m l?rI!'lf, the mam reaso,ns for the !Jehef in of the earth, he having pointed out the reactions that' as the sedimen.t depOSIted. fhls process . contmued the �egetable orIgm of coal. W orkin� on this �Yl?o- would take place resulting in the formation of hydro- ' until the materIals were eXhausted, pro�ucmg!1 �hale theSIS, how can we accou,nt for the different VarIetIes carbon compounds. much richer in petroleum than any portIon of It IS at of 90.al, classified accor�mg to their el.ementary com- Mendeljeff's theory supposes the existence in the the present time. Ove� this was laid a bed of pOl'OU� 
posItIOn; that IS, accordmg to the r�latn�e amounts of interior of the earth of metallic iron and metallic car- sandstone, saturated WIth sea water and roofed m by It 
caI:bon, hydrogen and oxygen co,ntamed m them, these bides at a high temperature, which, by contact with very fine-grained shale. Then, by a slow �ystem of bemg the three elements forllllng a pure coal? The water, would generate metallic oxides and hydrocarbon exchange between sandstone and shale, the 011 reached substance that makf!s up the mass of the cell mem- compounds. I its final reservoir. brlt!l�s of all plants IS called c.ellulose, and has a com- Both theories consider the production of petroleum I Prof. Orton claims that this theory finds more sup
p'OSI�IO� denoted by the chem!cal formula, ClHH,0015, as continuous the vapors rising as they are formed' port in the present processes of nature than that of SIgmfymg that each molecule IS formed of 18 atoms of and condensin'g to liquids in the porous strata of the distillation, as we see the bitumen series forming tocarbon, 30 atoms of hyd�ogen and 15 atoms of oxyg�n. oil fields, thus making the supplyinex�austible as long day by the apparent primarl.decomI>�sition of organic 
'Yhen yegetable matte.r 18 protected .from contact WIth as the necessary minerals and water eXIst. I matter under normal condItIOns, whIle on the other aIr, as It may be by bemg ?overed Wlt,h water, mud, or But these theories, though chemicaUy perfect, are not hand we do not find this series in any case open to a g�0.wth of fresh vegetatIon above It,. a slow decolfl- generally accepted by geologists since they do not observation and measurement as a result of secondary pOSItIon takes place by mutual reactIOns among ItS accord with geological facts, whidh point more to the decomposition, unless the comparatively high temper-

* Read at the recent annual meeting of lhe Western Gas A.sociation at organic origin of petruleum; that is ,  to its derivation atures of destructive distillation are reached. Still he 
Detroit.--Anuric(ln GCl$I-igkt JCntrnat. fro� the decomposition of vegetable or animal matter admits that every theory in regard to petroleum �s 

© 1892 SCIENTIFIC AMERICAN, INC. 



JULY ·16, 1892. SC1ENTIFIC AMERICAN SUPPLEMENT, No. 863. 1�'797 

merely provisional, and none can be accepted as final. 
He summarizes his views as follows: 

First.-Petroleum is derived from organic matter. 
Second.-It is more largely derived from vegetable 

than from animal matter. 
Third.-The oils of the Pennsylvania type result 

from the organic matter of bituminous shales; that is, 
they are of vegetable origin. 

Fourth.-The oils of the Canada or Lima type are 
derived from the organic matter in limestones, and are, 
therefore, probably of animal origin. 

Fifth.-Oil was produced at normal rock tempera
tures ; that of the Ohio field at any rate certainly not 
being the result of a destructive distillation of bitu
minous shales. 

Sixth.-The stock in the rocks is practically com
plete, for though the production is still going on, the 
rate is so slow as Jto make no appreciable increase in 
the amount already produced, in any ordinary space 
of time. 

Prof. Orton's views have been given thus fully be
cause he is the latest writer on the subject, and his 
ideas, being based upon a broad study of the whole 
field, are probably the most reliable. But according 
to his own statement the final word cannot yet be said 
as to the origin of petroleum. 

From what precedes, it is seen that though coal and 
petroleum are of similar, they are not of the same 
origin ; are not necessary correlative; nor is petroleum 
a product of the transformation of vegetable matter 
into coal. The difference in the product of the two 
operations, one being a solid in all stages of its trans
formation, while the other is a very volatile liquid, may 
account for the greater certainty with which the record 
of the first can be traced through all its successive 
steps, and the almost total absence of record in the 
case of the second. As more is learned, however, by 
the development of new oil territory, and a more sys
tematic study of the facts revealed by the drill, the 
theories of the origin of petroleum may be put upon as 
firm a basis as those relating to coal. Until then the 
gas man must accept the dicta of geological oracles, 
and keep at the, to him, more important task of work
ing out the best· method for the destruction of petro
leum, without being absolutely certain as to its origin. 

EXAMINATION QUESTIONS IN CHEMISTRY 
AND PHYSICS. 

WITH MODEL ANSWERS. 
THE following are the questions given to candidates 

for the Major examination in London recently, and to 
these we append model answers by an experienced 
"coach." Although the answers are, perhaps, some
what fuller than the time actually allowed at the exam
ination would have permitted, they make no preten
sions to exhaust all that can be said on the various 
subjects. 

CHEMISTR Y -(Morning). 
(Three hours allowed.) 

Question 1. Define isomerism and point out its vari
ous forms, giving examples. 

Answe1'. When two or more substances are composed 
of the same elements in the same proportions, they are 
said to be isomeric with each other. 

There are three principal varieties of isomerism
namely (a) Isomerism proper. This OCCurs when the 
substances not only contain the same elements in the 
same proportions, but also possess the same vapor den
sity and exhibit similar behavior under the influence 
of various reagents. Such substances are recognized 
as being chemical individuals by differences in boiling 
or melting points, action upon I>olarized light, and the 
like. As examples of this kind of isomerism may be 
mentioned the three di-brom derivatives of benzene, all 
of which may be represented by the molecular formu
la, C.H4Br,. 

(b) Metamerism. In this the substances resemble 
each other in percentage composition and vapor den
sity, but differ, not only physically, but also in their 
behavior with reagents. Examples: Depropargyl and 
benzene which have the common formula, C.H •. 

(c) Polymerism. In this case the substances, while 
agreeing in percentage composition, have different 
vapor densities, and hence different molecular weights. 
Examples: Aldehyde, C,H,O; and paraldehyde, C,HuO,. 

Question 2. How is calcium hypophosphite pre
pa1'ed � Give the equation. Why is the gaseous P1'O
duct of the reaction spontaneously inflammable � Ac
count f or the basicity of phosphorous and hypophos
phorous acids respectively by a reference to their con
stitutional formul03. 

ever, does not explain the fact that it always acts as a I cule� of a glucose with elimination of one molecule of 
monobasic acid. If we regard the phosphorus as a water. 
pentad in this compound, and asign the following HI. Amyloids or amyloses. Formula (C,HlOO,)". The 
formula, principal members are starch, inulin, dextrin and cel-

/ H lulose. They may be looked upon as derived from n 
o = P-OH molecules of glucose with elimination of n molecules of 

"H water-
the basicity is explained. 

Question 3. Give a process for the preparation of 
ethyl iodide, and describe the properties of the com
pound. What is its reaction with metallic zinc � 

Answer. Ethyl iodide may be obtained by gradually 
adding iodine to a mixture of red phosphorus and 
strong alcohol placed in distilling flask with a suitable 
condensing apparatus attached. When the reaction 
is complete, the iodide may be distilled off) washed with 
water, and redistilled from calcium chlonde. 

It is a colorless liCJ.uid, becoming red on exposure to 
light; it is nearly tWlCe as heavy as water, and boils at 
72' C. 

When ethyl iodide is heated with zinc alone, a mix
ture of ethane and ethylene is obtained, these bodies 
resulting from the decomposition of th . .voutane at 
first produced. This is shown in the fb110wing equa
tions: 

(1) Zn + 2C,H,I = ZnI, + C,HlO• 
(2) C,HlO = C,H. + C,H,. 

In the presence of water zinc produces ethane only: 
2Zn + 2C,H,I + 2H.O = ZnI, + 2C.H, + Zn(OHh. 
Quest�n 4. What is ethylene, and to what class of 

bodies does it belong'# Name its principal deriva
tives, and show -how they may be prepared from it. 

Answer. Ethylene is the name now usually given to 
the substance formerly known as "heavy carbureted 
hydrogen," or "olefiant gas." It has the formula 
C,H4, and is prepared by the action of dehydrating 
agents, such as sulphuric acid upon alcohol. It be
longs to the unsaturated group of fatty hydrocarbons, 
and is a type of the olefine, or Cn H,., series. 

Among the derivatives of ethylene may be men
tioned: 

(1) The dihaloid compounds formed by drrect addi
tion. Thus, when ethylene is passed into bromine, 
ethylene dibromide is formed: 

C,H, + Br, = C,H,Br,. 
(2) Glycol C,H4(OH)" which may be made by treating 

ethylene dibromide with silver acetate, thus obtaining 
ethylene diacetate, which, when distilled with caustic 
potash, yields glycol. 
1. C,H,Br, + 2AgC,H,O, = 2AgBr + C,H4(C,H,O,), 

2. C,H,(C,H,O,), + 2KOH = 2KC,H,O, + C,H, 
(OH), 

(3) Glycollic acid, HC,H,O" made by the oxidation 
of glycol by platinum black : 

C,H4(OH), + 0, = HC,H,O, + H,O. 
Question 5. Describe the sources, characters, and 

chemical constitution of succinic acid, and indicate its 
relation to tartaric acid. 

Answer. Succinic acid may be obtained (1) from am
ber, in which it exists ready formed; (2) by- the fermen
tation of a mixture of the juice of mount am ash berries, 
chalk, water, and decaying cheese, afterward decom
posing the calcium succinate produced with dilute 
sulphuric acid; (3) by the fermentation of saccharine 
solutions, when a small quantity-of this acid is always 
formed; (4) by the action of nitrlC acid upon many fatty 
substances; (5) by the reduction of tartaric acid by 
hydriodic acid. Succinic acid is a colorless crystalline 
body soluble in water and in alcohol, and melting at 80' 
C. Its salts !rive no precipitate with hydrochloric 
acid, but white barium succinate with barium chlo
ride, and reddish ferric succinate with ferric chloride. 

The constitution of the acid is represented by the 
graphic formula: 

and its relation to tartaric acid is shown by describing 
the latter body as di-hydroxy-succinic acid, and regard
ing it as derived from succinic acid by the substitution 
of two molecules of hydroxyl (OH) for two atoms of 
hydrogen. 

Question 6. What is the constitution of glycerine, 
and how has it been determined � . 

Answer. Glycerine is a trihydric alcohol and is 
represented by the formula 

CH,OH 
I 

CH OH 
I 

CH.OH 

(C,H1206)" =(C,H, ,0,) .. +(H,O)n 
Question 8. Give the chemistry o f  naphthalene. What 

are its uses in the arts � 
Answer. Naphthalene is a very frequent product of 

the action of high temperatures upon organic sub
stances. Hence it is obtained during the destructive 
distillation of coal, and may also be made by passing 
the vapor of benzine and some other substances 
through a red-hot tube. From a careful study of the 
reactions of naphthalene and its derivatives, the mole
cule of this hydrocarbon. is regarded as consisting of 
two benzene rings so arranged as to have two carbon 
atoms in common. Thus-

H H 
C C 

/"/,, 
H C C C H 

I I I 
H C C C H 

,,/,,/ 
C C 
H H 

With chlorine and bromine it forms substitution deriv
atives and also certain additive compounds. With 
sulphuric acid two isomeric sulphonic acids are pro
duced, called alpha and beta respectively. By the 
action of potash upon these, alpha and beta naphthols 
result, which bodies have the formula ClOH,(OH), and 
bear to naphthalene the same relation that phenol bears 
to benzene. By the action of nitric acid nitro-naphtha
lenes are formed, by the substitution of the radical 
NO. for hydrogen, and, by the reduction of these 
compounds, naphthylamines, containing NH" can be 
obtained. 

The principal products of the oxidation of naphtha
lene are dinaphthyl (C20H,,), phthalic acid (C,H4 
(CO.H),), and naphthoquinone (C]oH"O,). 

Naphthalene is used (1) To increase the illuminating 
power of coal gas. (2) As a disinfectant, and to pre
vent moths and other insects from attacking articles 
of clothing and the like. (3) As a starting point in 
the manufacture of several dyes, e. g., Magdala red, 
campobello yellow, naphthazarin, etc. (4) In the manu
facture of benzoic acid. 

PHYSICS-(Afternoon). 
(Three hours allowed.) 

Question 1. State the law governing the diffusion 
of gases and describe an experiment in illustration 
of it. 

Answer. This law may be formulated as follows: 
Gases diffuse into each other in the inverse ratio of the 
square roots of their densities. As an illustrative ex
periment a glass tube about a foot in length may be 
closed at one end by a plate of plaster of Paris, filled 
with hydrogen, and then placed in a vessel of water so 
that the open end dips below the surface. The dens
ity of air as compared with that of hydrogen is as 14'4 
is to 1, therefore the rate at which the air will pass 
through the porous plate into the tube will be to the 
rate at which the hydrogen will pass through the plate 
out of the tube as sq. 1 is to sq. 14'4. The result of this 
will be that the tension of the gas in the tube will be 
diminished and the water will rise considerably in the 
tube. The experiment may be varied by putting air 
instead of hydrogen into the tube and then illverting 
over it a bell jar filled with hydrogen. This gas will 
pass into the tube more quickly than the air will pass 
out, and hence the level of the water.in the tube will 
be depressed. 

Question 2. Define specific and atomic heat, and 
give a process by which the specific heat of a solid may 
be determined. 

Answer. The specific heat of a substance is the 
amount of heat required to raise unit mass through 
unit interval of temperature as compared with the 
amount required to raise the same mass of water 
through the same interval. 

The atomic heat of an element is the product ob
tained by multiplying together its specific heat and its 
atomic weight. To determine the specfic heat of a 
solid a known weight may be heated and then plunged 
into a known weight of cold water. If the initial tem
peratures of the solid and water be known, and the 
rise in temperature of the latter be accurately detell
mined, the specific heat of the solid may be calculated 
by the use of the following formula: 

Answer. Calcium hypo phosphite is prepared by 
boiling together phos phorus and milk of hme until 
the evolution of phosphine (PH,) ceases, filtering the 
solution, passing a c';lr:ent of carbon dioxide �hrough I The following are among the considerations which the filtrate to preCIpItate any excess of calcmm liy- have led to the view of constitution symbolized by the 

M(T-t,) 
Specific heat = --

m(t,-T) dra�e, again filterin&, and evaporating with agitation, above formula. 
untIl a dry pI:oduct IS le�t. . (1) By the action of hydrochloric acid and penta-

The fo�lowmg equatIOn approXImately represents chloride of phosphorus one, two or three atoms of Where M = weight of the water, m = weight of the 
the reactIOn: chlorine can be substituted for one, two or three atoms solid, t, = initial temperature of the body, and t, = 

3Ca(OH), + 2P, + 6H OH = 3Ca(PH,O,), + �PH,. each of hydrogen and oxygen, thus proving the exist- initial temperature of the water, and T = the final tem-
ence in glycerine of three hydroxyl groups. perature. 

A little calcium phosphate is, however, also produced, 
and the evolved gas contains a trace of the vapor of 
the liquid phosphide of hydrogen P,H" and it is to 
this circumstance that its spontaneous inflammability 
is due. 

Phosphorous acid usuallyappears tQ be dibasic, only 
two of its three hydrogen atoms being replaced by 
metals under ordina.ry cireumstances; but a sodium 
salt P(ONa), has been obtained, and tri-ethyl phos
r.hite, P(OC,H,)" is comparatively well known. Hence 
It is better to regard phosphorous acid as being really 
tribasic, and to give it the formula: 

/OH 
P-OH 

"OH 

(2) Three classes of etherea,l salts are obtainable from Question 3. Describe the construction and p1'inciple 
glycerine by treatment with acids, one, two or three of a bichromate battery cell, and npresent the reac-
molecules of water being set free in the reaction. tions which take place in it by equations. 

(3) The fact that two isomeric mono- and di-chlorhy- Answer. A bichromate battery cell consists of a 
drins exist is best explained by assuming the truth of plate of zinc as the negative, and one of carbon as the 
the formula given above. positive pole. These are immersed in diluted sulphuric 

Question 7. Give a general account o f  the carbohy- acid, in which bichromate of potassium is dissolved. 
drates, showing the principle upon which they are The object of the bichromate is to prevent what is 
class(fied. called mternal polarization, i. e'

h 
the adhesion of 

Answer. A carbohydrate is defined as a body com- evolved hydrogen to the carbon, w ich would tend to 
posed of carbon, oxygen and hydrogen, the two latter arrest the action of the battery. The method in which 
being in the proportion necessary to form water. They this polarization is preyented is apparent from the fol
mostly occur naturally in animals and vegetables, and lowing equations, which show that the hydrogen, 
may be represented by one or other of three formulffi, instead of being evolved in the free state, effects the 
and hence fall naturally into three groups, which reduction of the bichromate: 

Hypophosphorous acid is generally represented 
/H 

are: (1) K,Cr,O,+2H,SO,+H,0:::2KHS04+2H,CrO •. as- I. GI�coses. Formula C,H120.; the principal mem-I It is to the formation of the chromic acid that the bel's bemg dextrose, lffivulose and galactose. deep color of the solution is due. 
P-OH 

" OH 
II. S�ccJ;Iarones or saccharoses. Formula C12H"Oll. (2) Zn+H,SO,=ZnSO,+H.O. TJ;te prlllCIpal members are cane sugar, or sucrose ; (3) 2H,Cr04+3H.=Cr,O,+5H,O. mIlk sugar, o� lactose ; and malt suga�, or maltose. (4) Cr,O,+3HzSO,=Cr,(SO,J,+3H,O. i. e., as phosphine in which two atoms of hydrogen They are conSIdered to be of an alcoholIc nature, and 

bave been replaced by hydroxyl. This formula, how- may be regarded as formed by the union of two mole- Question 4. Define the terml$ "(Jlectrod�!" "electro-
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