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then1 in tlie liydroliinetic system. by jointed rigid coil- 
ilectiilgliiiks. we ma!- arrange for configurntioils of 
stable equilibrium. Thns, \\-illlout. fly-\\-heels, but 
with flnid circulatior~s througli apertnrcs, n-e ]nay 
make a model spring-balance, or a nod el I~lrninifer-
ous ether, either without or \rittl t l ~ e  rotational 
quality corresponding to that  of tlie true lumi~lifer- 
ous et>her in t)Eie ri~n,gnet.ic fluitl: in short,, do all by 
the perforated solids, ~ ~ - i t l i  tlieul,circulolions th~.ough 
that r e  saw we could do by ~iteaiis of linked gyro- 
stats. But something that  we callnot do 11y lirii~ecl 
gyrostats, we can do by the perforated bo~lies with 
flnirl circnlntion: me can inslie n riiodel gas: The 
mutual action a t  a distance, repulsive or attractive 
accordiitg to the mutual asppet of the two bodies 
wlieil passing within collisional rlistarlce of one 
anotl~er,  s~rflices to produce tlie change of directioli 
of iuotion in collision, n-Iiicli cssentially corist,itt~tes 
the foundation of t,lie kiiietic theory of giises. 

Tliere remains, however, a s  TI-e llave seen before, 
the difficulty of providing for the case of actual iin- 
pacts betnveen the solids. 

Let us annul the solids, and Iea7.e tlie liquid per- 
f o r ~ u i ~ i girrotational circulation round vacancy, in 
the place of the solid cores m~liie21 n-e have hit1it:rto 
supposed: or let us ailnu1 the rigidity of the solicl cores 
of bhe rings, and give t,liein ~ n o l e c ~ ~ l a r  rotation accord- 
ing to Helmholtz's tlleory of vortex ~uotion. As to 
~vliether, however, ~ v h e n  the vortex tlicory of gases is 
thoroughly morBecl out, i t  mill or ~vil l  not be Cottnd 
to fail iu a Inanuer analogo~is to the failure already 
pointed out in con~iectio:i with tlie liinotic theory 
of gases composecl of little elastic solid molecnles, 
otle canriot :xt present speak ~vit,h certainty. 

I'ROGRESS OF CNEI~IZSII'RI' STIZTCE 1848.1 

\VITII the death of lierzelias in 1848 entlecl a well- 
tnarked epoch in the hisf,ory of cliemistry: with that, 
of 13utr1as -and, alas ! that  of \Vart>z :~lso -in ISS4 
closes a second. 

'l'hc differences betrreen ~ r l i a t  niay ~~rope r ly  be 
terined tlie 'Berzelia~i cra,' and that v i th  which the 
lianre of Duinas will f o r e ~ c r  be associated, ahorv 
themselves in many wags, but in Iiorie more ~narked- 
1y than by the distinct vir~vs entcrtai~lcd as to tile 
nature of a clieniical compountl. 

According to f,he oider notions, the properties of 
eornpo~~nds qua1it;ttiveare essentially governed by t , l~e 
nature of their coilstituerit alonis, wllicl~ were snp- 
posed to be so :~rrxnged as to for111 a binary sysf,eni. 
Undcr the riew ideas, on the other hand, it is mairily 
the number and arrangement of the atoms within tlie 
mo lec~~ le~vliicll regulate the cliaracteristics of the 
coii ipo~~nd,which is to be loolced on, not as built lip 
of two consfitnent groups of atoms, but as forn~ing 
o ~ l e  group. Anotlier striking difference of riew be- 
twecil the che~nistry of l l ~ c  13erzeli:~n cra and that of 
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~ v h a ttve son~eti t i~es term the '~noclern epoch,' is illlis- 
trat,ecl by the so-called ' snhst i t~~t ion  Dun1as.theory.' 
to whom \ye oIve this 1.lieorq-, showed that ch1orii:e 
can take the place of hgdroger~ in Inany compon~~tls.  
atrd tliat the resultil~g body possesses characters sirtii- 
lar to the original. l>ut there is ariother c l ~ a ~ i g e  of 
vie\?-> dating fro111 t,he conlmencenter~t of the Duritas 
epoch, mhicli has exerted an infinenee, oqiial, if iiot 
superior, to those already nnnied on t,ho progress of 
cl~euuistry, and that is, as to the use of ccj~~ivaler~t 
or ntolecular ~vciglits. 

Tile theory of organic mdic:rls~ developed by Liebig 
so loug ago as 183-C, received iiunlerous experiments! 
cortfirntatioiis i n  sncceeding years. Bi1nser1's classi- 
cal researcll on cacoclvl, rlrovilig the possibility of 
the existence of metallo-org:tnie radicals cal~able 
of playing tlie part of a mct;tl. a ~ l d  t l ~ c  isolatiori of 
the hydrocarbon ethyl by Frauklanrf in 1849, laid 
what the si~pporters of the theory deernetl tlie final 
stone in the structure. 

The fusion of the radical atid type t,li~oi,ies, cliieflj-
effcc,ted by the discorery ill 1849 of tllc cornpoaric1 
arnmonias by l l T ~ ~ r t z ,  no ti-brings ns to tlie dawn of 
ern che~aiistry. Hencefor~vard organic conipocui~ls 
ne re  seen to he capable of comp:irison \\-it$ siillple 
inorganic bodies, and 11ydrogon capable of replace-
illelit not only by c h l o r i ~ ~ e  or by a metal, but 1)y an 
organic gro11p or radical. 

At  tlie Etl i i~b~uglimeeting of this associatioir it1 
1550, Williarr~son read a paper on 'Rcsnlt,s of a re- 
search on aetlierification,? whiclr not only iiicludecl a 
sat.isfactory solutioi~ of an interesting alicl hitherto 
uilexplained problcni, but was destined to exert a 
111ost iiiiportant influence on tlie derelopnient of onr 
theoretical views: for 11e proved, contrary to the then 
pre7-ailing ideas, that ether corltailis tn-ice :is much 
c ~ ~ r b o nas alcohol, and that i t  is not formed frorri the 
latter by a mere separation of the eleillents of water, 
biit by an  excl~ange of liydrogen for et.hy1; and this 
f;~ct,? bcing in accordance wit11 dvogadro's l a ~ v  of 
niolccular volumes, coulti only be regresenteci by 
r e p d i n g  the iirolecule of ~valer  as containing two 
atoms of l ~ ~ t l r o g c n  to orie of oxygen, one of the  
former being replaced by one of ethyl to Porrri alco- 
1101, and the two of hy~lrogen by t ~ v o  of et,hyl to  
form ether. Then Williamson ii~tro(iilced the type 
of water (subsecluently adoptecl by Gerhardt) into 
organic cl~einistry, and exter~dcd our vicws of tlie 
analogies betwecir xlcoliols and acids by poititing 
out that  these lattcr are also referable to t,lie mater- 
type, pretlictillg th:l1- bodies bearing the same rela- 
tions to tlic ordin:~ry acids as tlie ethers do to the 
:~lcol~ols~ i iu s iexist,- a preiliction shortly afterlvartls 
(1852) verified by Gerharclt's discorcry of the anhy- 
tlridcs. 

Again, in 18.:" \ye note the iirst germs of a t11corj- 
~yhichwas destined to play an all-important part in the 
progress of tlle scic~lce; \-iz., the doctri~ie of ralei~cy. 
or atomicity; illid to Frankland it is that nre orz-e this 
new departure. But whether me rniige ourselves 
\yitil 1;elinIb. n-110 s ~ ~ p p o r t s  tlie unalterable character 
of tlie vulcucy of each elelnent, or with Franlrlar~d, 
y11o insists on its variability. it is 1io1v clear to iiiost 



chemists that the 11ard and fast lilies upon mllicll this 
theory was supposed to stand cannot be held to be 
secure. 

Rat  however many doubts may have b ~ e n  raised, 
i n  special instances, against a tllorougli application of 
tlie law of valency, i t  cannot be denied that  tlie gen- 
eral relations of tlie elements which this question of 
valency has been the means of bringing to light are 
of the highest importance, and point to the existence 
of l a m  of nature of the widest significance: as seen 
i11 tlle periotlic law of the elerllerits first foreshailon~ed 
by Xewlaiids, bnt fully developed by Mendelejeff and 
Lothar Meyer. Rut this periodic I a~v  makes i t  pos- 
sible for us to do more: for as tlle astronomer, by 
the perturbations of lrnown plailets, can predict tlle 
existence of hitherto unknomri ones, so the cherr~ist, 
though of course rvitll much less reliable means, has 
been able to predict ~vitll precisiorr the propertii,s, 
physical and chemical, of certain ~n i s s i~ iglinks 
amongst tlle elemerits; such as ekaluminiu~n and 
ekaboron, tlieii unborn, but which shortly afterwards 
became well k~iowrl to us  in the llesh as galliuni and 
scandi~im. 

Arising out of KekulB's theory of the tetrad ~ i a tu re  
of tlie carbon atom, came the questioils which have 
caused milch debate among chemists : lo.Are the 
four combining units of the carbon atom of equal 
value, or not P and 2O. I s  the assumption of a dyad 
carbon atoni, in the so-cadlied non-saturated coni-
pounds, justifiable, or not 1 The answer to the first 
of these, a favorite view of Iiolbe's, is given ill tlie 
now well-ascertaiiiecl laws of isomerism; and fro~rl  
the year 1882, ~-ihen Schorlemnler proved the identity 
of the hydrides of the alcollol railicals wit11 the so-
called radicals theinselres, this question inay be said 
to be set at rest. 

Passirig from this sabject, u.e arrive, by a process 
of natural selectiori, at more con~plicated cases of 
chemical orieiltatioli; that is, given certain com-
pounds which possess the same cornposition arid 
molecular forrnulae but vil.ryirig prol~erties, to find 
the difference in ~nolecular structure by ~ rh i ch  such 
variation of properties is determined. Probleins of 
this nature call no~v  be satisfactorily solved, the num- 
ber of possible isomers foretold, ancl this prediction 
corlfir~ned by experiment. 

The discovery of the a~liline colors by Pcrkin, their 
elaborntiorl by Hofmann ; the sp~itl~esis of alizarin by 
Craebe and Liebermann, being the first vegetable 
coloririg-matter which has been artificially obtained ; 
the artificial production of incligo by Daeyer; and, 
lastly, the preparation by Fischer of Bairine, a 
febrifuge as potent as quinine,-are some of the 
well-ltnon-n recent t r iu~nphs  of modern syuthetical 
chemistry. 

111 no department of chemistry has the progress 
nlacle been more important than in that concernecl 
with the accurate daterlnination of tlie nrune~ical, 
physical, and chemical constants, upon the exactitude 
of which every qnarititative cliemical operation dc-
pends. Anioi~gst the inost iiitcresting recent acl-
ditions to our kriowledge, made in this clepartnieiit, 
we may note the classical experiments, ill 1880, of 

J. W. Mallet on alun~ininin, ancl, in the same year, 
of J. P. Coolie on antimony, arid those, ill the present 
year, of Thorpe on titanium. 

I n  referring to the work in spectrum analysis, Pro-
fessor Roscoe recsllecl some of tlie more remarkable 
corlclusioiis to which the researches of Loclryer, 
Schnster, Liveirrg and De~ra r ,  TTTiiliiler, and others, 
in this direction, have led. 111 the first place, it is 
well to bear i11 mind tliat a difference of a very 
n~arked kind, first distii~ctly pointed ont by Alex. 
i\litscherlich, is to be observed betweell the spectruiu 
of an elenlerrt and that of its compounds, the latter 
only being seen in cases in which the compounct is 
not dissociated at  temperatures necessary to give rise 
to a glowing gas; second, tliat, these compomld 
spectra (as, for instance, those of tlle halogen com-
pounds of the allialine-earth metals) exhibit a certain 
farnily likeness, and show signs of systematic varia-
tion in the position of the lines, correspondi~ig to 
changes in the molecular veight of the vibrating sys- 
tem. Still, it cannot be said that as yet definite proof 
has been given in support of the theory that n causal 
coiinectiorl is to be fonnd between the emission spec- 
tra of the scveral elements bclongiilg to allied groups 
and their atomic weights, or other chenlical or physi- 
cal properties. I n  cert:tin of tlie single eleinents, 
however, thc corlnection betn-eeu tlie spectra alld the 
lnoiecular coilstitation car1 be traced. I n  thc case 
of sulphur, for example, three distinct spectra are, 
lrno~~711. The first of these, a continnous one, is eu- 
hibitecl at  temperatures below 300°, ~vhen,  as we 
lrrlow from Dumas' experime~lts, the density of the 
vapor is three times the normal, s h o ~ ~ - i r ~ g  that at  this 
teinperature the: molecnle consists of six atoms. The 
second spectrum is seen ~vllen the teillperature is 
ri~isecl to above 1000°, ~vhen, as Deville and Troost 
hare shown, the vapor reaches its nonnal clensity; 
and the lnolecule of sulphur, as wit11 most other 
gases, contains two atoms; and this is a bantl-spec- 
trnm, or one c1l:~racterized by channelled spaces. 
Together with this band-spectrum, and especially 
rou~icl the negative pole, il. spectruni of bright lines is 
observed. This latter is doubtless clue to the sibrn- 
lions of the single atoms of the dissociated nlolecule. 
the existence of traces of a band-spectruin deinonstrat- 
ing the fact, that, in some parts of the discliarge. the 
tension of dissociation is insuificient to prevent the 
remlion of the atoms to forin the molecule. 

The most remarkable resnlts obtained by Abney 
ancl Festiirg show that the radical of an  organic body 
is always representetl by certain well-marlred absorp- 
tiori-bands ;d if ering, however, in position, according 
as it is linlrecl with hydrogen, a halogen, or with car- 
bon, oxygen, or nit~,ogen. Indeed, these experiment- 
ers go so far as to say that  it is highly probable, that, 
by this delicate mode of analysis, the hypothetical 
position of any hydrogen which is replaced Inay be 
iclentified; thus pointing out a methocl of physical 
orientation, of n.hic11, if confirrneil by other ob-
servers, clleinists ~vil l  not be slo~v to avail thein- 
selves. 

One of the noteworthy fcntures of prog-cl~e~rlicnl 
ress is the interest taken by physicists iri fu!~daiueiktal 
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questions of the scicrice. -Sir Williaiu Thomson's 
interesting -peculntions, founded upon physic,~l phe- 
nomena. respecting the probable size of the atom; 
and Helmlloltz's discussion of the relatloll of elec- 
tricity and chenlical energy; and the theory of the 
vortex-ring constitution of matter, thrown out by Sir 
Williarn Thomson, and lately worlied out, from a 
chemical point of view, by J. J. Thomson of Cam- 
bridge. 

Another branch of chenlistry which has recently 
attracted much experimental attention is that of 
ther~no-chemistry,- a subject upon which, in the 
future, the foundatiou of dynamics1 chemistrj. must 
rest, and one which already proclaims the truth of 
the great principle of the conservation of ensrgy, in 
all cases of chemical as well as of physical change. 
But here, although the materials hitherto collected 
are of very considerable amount and value, the time 
has not yet arrived for expressing these results in 
general terms; and we must therefore be content to 
note progress in special lines, and wait for the ex-
pansion into wider areas. 

I n  conclusion, Professor Roscoe spoke of the part 
English chemists had played in the past, and of the 
marlred difference between the data-gathering Ger- 
man worli, and the systematizing of the  facts known, 
which is going on in England. H e  also referred to 
what he  considered the best method of educating 
chemists,-by giving them as sound and extensive a 
fonndation in the theory and practice of chemical 
science as their time and abilities will allow, rather 
than forcing them 1)rematurely into the preparation 
of a new series of homologous compounds, or the in- 
vestigation of some special reaction, or of some pos- 
sible new coloring-matter, though such work might 
doubtless lead to pitblication, -and called attenti011 
to the prominence of English industrial chemistry. 

THE CORRELA TION OF GEOLOGICS L 
PORhfA47'IONS.1 

THISaddress mas devoted to a consideratio11 of a 
few remarlinhle exceptions to the rule that similarity of 
faunas and floras in fossiliferous formations through- 
out the surface of the world implies identity of geo- 
logical age. Solne interesting contributions have 
been made to this iluest,ion by the geological survey 
of India, where 1\11..Blanforcl's experience has been 
chiefly derived, and by the geologists of Australia and 
South Africa; and he first noticed a few typical in- 
stances, several of them Indian, in which the systern 
of determining the age of various formations by the 
fauna or flora has led to contradictory results, and 
the11 showed where the source of error appears to lie. 
The famous l'ilier~ni beds of Greece, a few nliles east 
of Athens, coiltaiil a vertebrate fauna nearly a lvays  
quoted as miocene; but they overlie strata with well- 
proved pliocene nlarine ;\lollusca. The Sivr-alik beds 
that  flanli the EIi~nalaya north of Delhi are still 
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classed as miocene by no st European writers, bnt 
are regarded as pliocene by the Indian survey, on 
evidence found by tracing them west and south into 
Sind. The Gondwina system of central India, a 
great sequence of fresh-mater beds probably of fluvi- 
stile origin, over 20,000 feet thicli, is of u~iusual  
interest on account of the extraordinary conflict of 
paleontological evidence it presents to the observer. 
I ts  subdivisions are nllmerous, and vary in almost 
every place of occurrence. One (the TBIchir beds) 
contains rounded bowlders chiefly of metamorphic 
rocks up to six feet across, embedded in fine silt: 
others are characterized by an intermingling of floras 
and faunas t,hat give rise to a mass of contradictions; 
beds with a Triassic fauna overlying, others with 
Rhaetic or Jurassic floras. The Australian coal-
measures and their associated beds present even a 
more renlarkable instance of ho~notaxial perversity, 
a Jurassic flora being of the same age as a carbon- 
iferous marine fauna. Some of these beds (Hawlres- 
bury) again contain transported bowlders, which 
occur once more in the lower members (Ecca beds) 
of the Karoo forrnation of interior South Africa. The 
latter presents a striking likeness to the GondwBna 
system of India. In  both countries, a thiclr fresh- 
water forrnation occupies a large area of tlle interior 
of the country, whilst on tlle coast some marine 
Jurassic and cretaceous rocks are found; and as in 
India, so in South Africa, the uppermost inland mes- 
ozoic fresh-water beds are capped by ~rolcanic. 

Other exainples of discrepancies in paleontologi- 
cal evidence might be given, but he would add merely 
a mention of the single case known to him in wliich 
the discordant records are both marine, namely, Bar- 
rande's ' colonies' in Bohemia; bnt here the dis-
cordance is much less than in the cases before cited, 
and nloreover Barrande's conclusion is disputed by 
other observers. 

I n  most of the cases he  had named, the conflict is 
between the evidence of marine and terrestrial or-
ganisms. Manifestly one or the other of these leads 
to erroneous conclusions; and in lnalcing choice be- 
tween the two, most geologists accept evidence of the 
marine fossils. The reason is not far to seek. So 
far as he was aware, no case is known where such an 
anomaly as that displayed in  the Gondwinas of India 
has been detected amongst marine formations of 
which the sequence mas iinquestioned. Furtlier, if 
we compare the distribntion of irlerine with that of 
terrestrial and fresh-vater anirnals and plants a t  the 
present day, we shall find a very striking difference; 
and it is possible that this difference rnay afford a 
clew to the conditiorls that prevailed in past times. 

TVanderers into what they fancy unexplored tracts 
in paleontology are lilrely to find Professor Huxley's 
footprints on the path they are following. I n  his 
paper on the Hyperodopedon, he says: " I t  does not 
appear to me that there is any necessary relation 
betvl-een the fnnna of a given land and that of the 
seas on its shores. . . . Wh2tt now happens geo-
graphically to provinces in space, is good evidence as 
to what, in fol.mcr times, may have llappel~ed to 
prol-irices in time; and nn essentially identical 1a11d- 


