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EDITORIAL 
X .. Ray Research 

W E arp PU't.Jlif<hing thi~ wef:'~. th.p first part, of tbp 
adtlrpss giW'll by Prof. (·L L. Clark when t.he 
Gn<sselll Ml:'dal was pl'('sentf'd t.o him lly tht" 

_\IIll'rican Section of the Society at New York so long: 
iI!.!() a:-. Xoycmbcr 4. 'V(' OWf' an apology not only to 
Prof. Clark for t,hE' delay that has taken place but also 
tfl Olll" fpaders for withholding: from them for so long 
all mterc.'lt,ing paper describing: tPH year:, of importall1 
r,'.~('areh. Prof. Clark is well known as one who has mari(' 
il pJ"of(lund Btudy of tht' application of X-ray research to 
mdu:-:.trial purpose::;: he has, of ('(lurse, donf' much mort' 
t L,ll! thit> for Ill' has \JE'en a pionf'erin X-ray inY(':..:.tigati(ln~ 

hut it, i~ thi~ aspect of his work that Rppciall~ .. : 
1-I!lp()al:o: a journal that if/. rnalnlyconcernc .. d with a.pplied 
('~\'mistry. It is about thirty-eight years since X-rays were 
dl""'ln'ered and they have heen familiar phE'nomella for 
t lIf' greater part of that period but we think it has only 
i't'f'H possible to make use of X-rays in industry during 
tit(' la~t. ten years or 80. The introduction of this new 
i]""ice has brought about almmlt as great a benefit. to 
ul<J1\kind as the introdliction of the microscope did a 
il·w centurieg ago. It, is Raid that the human eye call 
:-'P(' object." as small as the tenth part of a millimetrt' 
Hud that by the aid of the microscop<' wC' can SE'e oLjectfl 
d thousand times as small as this. X-rays do not 
m(leed enable us t{) see ohjects a thousand tiIp.es a~ 
:-ruall as the tiny objects that can be seen by a powerful 
microscope; it is not quite clear that when we come to 
,"'!Jell minute proportions we arc not reaching the limit 
Wht'll objects CE'ase to be object,s, but if we cannot see 
them the expert in X-rays can tell us from his observa­
t ions how they are placed in ~pace and how far they are 
distant from each other. It is supposed that in a mole­
culf' of H 20, a hydrogen atom is distant from the oxygen 
atom about '000,000,1 of a millimetre so that we are 
now engaged in investigating spaces and distances about 
a thousand times as sman as microscopic spaces and 
wstances. Possibly we shan never see the atom or the 
dectron but already we can see their paths in space, 
count them, and measure them, Prof. Clark gives us a 
most interesting and simple account of the new methods 
of testing the saJety of metal castings, of weapons such 
8S fencing foils. and other metallic objects, <tud of 

finding out t.hl' g()Odni'S~ or badn(',';s of Jlwtlll ."pring~ 
and ",torag:(' hatt('l'i('~. X-ray~ ha:\'~' IW('fi ui'-<,d with 
eonspi('uou~ RtlCC('RS to inve,'lt.i~at(' tlU' composition rmd 
the corrosion of HUl.UY alinvs and t.he cons.titut.ion of 
minpram, including th~)Re highly complicated Huh."tanc('& 
the natural and th" artificial .silicates. '1'lwy have 
enabled Prof. Clark and thOH(, pri vilegetl t-o wl)~k with 
him to throw furt,lwt light on t.o the dwmistry of paraffin 
waxes, illdia-rublwr, and ct'nUIO~E'. In puhli.'lhing thiR 
paper WI!' I'Pgrl!'t that sf'.'('rtll rLarmin.u; and intt'restillg: 
illustra.tions that J)l'uf. {'lark ";as abl(' t.o sbow to his 
au(u('ncl' were found unsuit.ahl(· fOI' ft'produet.ion in 
print: ncvcl'the}es .... tlWf(, are tnu.n~" il\ustration:-l that 
'''e can reproduce: (·}Hlup:h t,o provide gout! examples 
of Prof. ('lark's work and to make tbl' readt'T'l of his. 
paper wi~h for mon'. 

Rubber and Research 
RubLer ill one of those allied industries int.o which 

the chemiRt is only slowly penetrating, 1'10 slowly indeed 
that the industry at large has not yet realized the hf'lp" 
he can give it. ~\t Jell.'>t thi." i!-! the deduction WE· draw 
from the statementI'< W(' read about tht, pOHsj},le aban­
donment of the Rubber Research Association. Yet 'the 
processing (Jf rubber, starting from tlu' very moment 
it is tapped from, the tree, is essentially a chemical 
operation, jUBt a,f> lt8 format10l1 in the plant" hy polymer­
ization of isoprene dNiwd in it~ turn from glucose by 
the union of two decomposition products wjth three and 
two carbon atom" respectively, i,~ one of those IJiochem· 
ical synth('seH- whose full understanding may lead us 
to aU sorts of new conquest};. The Tuhber indust.ry is 
in the doldrums owing to ext€'ssive over-production,. 
with the conseqnence that rubber is selling ~t an un­
economic price. Had the reverse happened, that is. 
under-production, a synthetic rubber would ere now 
have been in general use. What is ·lacking seems to be 
more numerous uscs for rubber in quantity, and the 
failure to find these may be in part due to the nature of 
crude rubber. Much interest has therefore attached ro­
R material called Revertex, which is eSfI;entia.Uy an 
eva.porated ancl _.:.artly purified latex. It jg being used 
instead of benzene-rubber solutions for dipping pro­
cesses, after much researel! has produced special :nethodd-
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remedy some of its present defects, the advance ( 
scientific knowledge must be necessarily a oontributin 
factor. If research has been much in the air in Englanc 

'{If tr('/Jtllwlll, fur jn .. tHlwf', witb dry ~f.t;>all1;1t ,".r; -- !)I( (;., 
W1'C'II dll' ;;olutitlu ('I.IlIt"iu.<.: 1)1)---62(% solids awl is frec 
/r"1!1 :lI r hIJI,hlf'.;.;. .All :J-dl'8-ntJji!f ~ jfi tlJaJ tJJickt'r films 
",' 111 I", ;1 ppji,'d in (Illich,,, Sli('(~(~s!>i()n Hnd finished fly 
l'h"rflll~h dryiJlg, dipping illto a h(:Jlz{'np 8oiut i(lll of an 
aC(,·"j,·rat,J))' , llnd \'UiClllliz(';] in hot air ott· 12(('. Th(~ IIses 
IIf ( his He v~'rtf'x i~n : mallY, ~()nw of tJH:m ill llIatk('t.~ 
pr"\,loui"Ily- inacl~('ssi bk to rubJ,(,r , hut \\'(' are Hot COD­
\·,·rUt,1I t o ('lHltnf'rah' thelll h,'re ; ratht'r ii' it our purpose 
t(, eHlpl'lt;:iz(' t.ha.l, £.tH'r, as well 1I f; dl(~ matf'fial it~pJf. 
llii\'P nolo 111:1'11 <lITi .. ,'j·,! at haphaza-rd I,ut as t})(" 

n"."uJ t nf s't-'.'{t'(,l1wtic r '-'.'warf'h in ;1 clilloid .dll'micaJ 
laLilru.t oTV.· Tlw ('llrh' 1,islPTY of rublwr was told 
n'_I.:;'ntl-..,- i'Jl H mmd at.t.r;l{'.t.i,·t\ w~y in a l~ctun! ddiveH'fl 
l)eflJrc ·1ht· JlH'llIheT!' of t.he Institute of Chf'.miHt-rv and 
:; i nr'(~ pubh".}l('d in hook form. It j~ st.riking to fiD~'l how 
all the thnuSflllds of attf'nlpt,,, to mak(' sonw U,,(~ of nnr 
tllhtwr WOff' lm~;pd on ('fllpirical methoilK 1111(1 how l-lH' 
-final diH(,tWf'TY of vulcanization wa~ la.rgely a. matter uf 
(~h[IJICI'. Yd thil" reflcct1:' no di:·,cH'dit. on the earlY wOI'k ­
{'r..-, for tlley \\'(>re in ndl':H1c(> of lloth t:lw()r~' and imldic(' 
in ha.JHllinl! mnterial.s (ll thi ;; type. The piOD('erS in the 
11I'W plastj('. industry }mv" likf'wiJ:1I' hrok!'Jl JleW ground, 
hut thc·ir w(ll'k hat-; Iwen simplified and tlwir progre::;,.; 
more mpid hetausI' t.1H'Y hav(' had tll{': prf'viom: lrnow­
tl'dg(' of colloid behayj(lUr to build 11}JOll. TIle pott'ntial­
itiPR of the plastic indu:-;try, ~o f'}oquently l"uInlllfl.rized 
hy Sir Harry Mn.cCnwl.ln ill hi." nfte r-hnwh speech t-o the 
Trllde As~n{.'iat.i()n t.1l\' Ilfher flay , are gr'-'wing €!Tt'~it~r all 
ille limp. 11II! tJli.-.: j,,, bt'l' tlUtw tht' ehemiRt. j.-.: _playing a 
guiding !,art, ill f ht, ind1l:-;t ry. Phenol J'i' :<.in<;, 1wl1zyl 
rc.~il),<;. " illd r(",~ ;n". CIII'll'in<; , Ilnd II/,('Il.~ an have t }wir 
r;p('cilll tid~l:-; IIf lltility , wbieh ofttimes owriflJ,l.: tht~ 
divCf::>it.y I,t raw lllaje'riab mnkl's ;I, tiiYf'rr;ity of prop­
crtit~8 !,;OllW of which i ll\'t~ntiol\ mav be trust.ed to utilize. 
1'h~>_ fubbl.'f inrluMrv lllW<.t not aba~don a sin_glf' research 
in its adver:-;.ity , l:ath('r mu:-\t. it n'dnublp th(: efforts, 
se('ing IIllly t.hat, thp n'~('ar('h is of a })T}lcti('al and not an 
a-eudf'mic c,·lwrad(·}·. 

it has been carried on very usefully in Australia. ani 
we have JUBt read an address on the work of the Austra 
lian Council for Indui:ltrial Research which was broadcas 
last Decem ber from several Australian wireless statioru 
by the Rt . Han. A. J. McLachlan, minister in chargE 
of the Council. In Australia,. we learn, 8cientifi( 
rct'learch costs the Government less than £70.()(x) pei 
annum, which seems perha.ps a. small amount when OUE 

compares it with the amount spent in othe.r countrics 
notably America, where it has been computed that thf 
total funds voted to resea.rch by various industries hal 
reached the amazing total O'f £40,000,000 a. year 
Nevertheless the money has been well spent in Australia 
and the investigations which the C-ouncil has been abl~ 
to pursue have already yielded Borne valuable results 
The subjects tackled, being those of first importance: 
are naturally concerned largely with the problems oj 
the agriculturist. Ii anyone needs to be assured of the 
financial gains to be obtained from research here are 
Borne strikjng examples. Plant dise-ases alone cause 
an annual loss in Australia of £12,000,000 and it i~ 
worth noting that" bitter pit" in apples which has in 
the past cost the exporter £100,000 a year may now 
as the result of this research be reduced to negligibl~ 
proportions. A vaccine has been found which will 
materially reduce losses from" black disease" of sheep, 
which has been estimated to cause an annual loss 01 
£1,000,000. An interesting investigation has dealt 
with the Australian timber used for butter boxes. 
Butter packed in such boxes in the past ha.s developed 
a "wood taint," and therefore wood has had to be 
imported. Work in the Council's Melbourne laboratory 
has now produced a method of treating the Australian 
timber to prevent t.he production of the taint, and in 
future the necessity for importing timber will probably 
not exist. When surveying research work abroad, one 
is sometimes apt to forget that the major problems 
may not be the same as those obtaining at ho~. The 
work in Australia soon brings us to a realization of the 
different conditions, for We learn that the most spectacu­
lar sue-cess has been achieved in the destruction of the 
prickly pear. The invas.ion of this tropical weed 
into a belt of some 6O,OOO,0Cl0 acres in Australia- has 
made it one of the worst plant pests the world has known. 
but the general establishm:ent of the parasitic Cactoblastic 
insect has been followed with such succe88 that the 
plant has collapsed in Queensland and New South Wales. 
Such a result, coming from the work of a few scientists, 
will be of inestimable worth to agriculturists. One 
can appreciate Mr. McLachlan's words " ... it is 
impossible to exprellS in pounds sterling the value Qf the 
results so fa.r achieved, but it is very clear that it is many 
times greater than the cost of the investigatiollf!." 
If we have perhaps harped a little on the financial 
aspect of rc..<;earch, it is probably because we have been 
impressed by some reIlULlks made recently at Notting­
ham by Dr. Firth, in which he condemned the unbala_d 
directorates of many businesses for being concerned only 
wi*h fina'!ICial problems, the fundamental things to them 
being the balance sheets and the dividends. 

Research in Australia 
Tht· t'\ubjed llf rC1'Oo.reh haB been vcry much in the 

air of l.'doe. At u. time wheIl bankers are bus" melt the,­
hose found time to pause for a moment. to commell't 
()D the. uRefu]nf'.<;,~ of res('arch and jts jnadeqlla.tT in thjg 
('ountry. The scientist is flattered! Technical papers 
have taken up the topic with zest and the publicat.ion 
reeplltly of the D.SJ.R. report for the yeat came at 
:hf' right tim(' to give the subject a further boost. Even 

the correspondence_ of The T£mes has been given all 
added interest bv :-\ letter from Prof. Gibbs and Dr. 
Underwood commenting on some aspects of industrial 
research in this country that are frequently overlooked. 
Let UB hope this burst of enthusiasm will cOlltinue­
it is all to the good of both chemistry and industry. 
The manufacturer may take heart from the banker 
and look upon research a.<:; a. sound investment ; the 
scientist wHI continue to regard it as a normal ana 
-essential factor in progress. To whichever opinion 
-one subscribes, the new interest in W)ea.rch "ill be 
welcomed. for, as We read recently, " the tact tha.t science 
is recognized as the foundation of modern society need 
:hardly be elaborated," and if modern society is to 
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A DECADE OF APPLIED X.RAY RESEARCH' 
GRASSELLI MEDAL ADDRESS 

By PROF. GEORGE L, CLARK 

The appliflfl 8cienee of X~rays WIl..<; born on tlll'!.t day in 
I ,,;:~10 when the di.'>tinguished German phYl'\ic.ist., Ri:)ntgen, 
"j,,;crved in his darkened labora.t.orv a brilJiant.k 
!llmitWH(''''~nt ~ereen, excited by mysterious illYisihie 
lilY'; proceeding from the cathode-ray tube- with which 
11\: was experimenting. Until t.hat moment thi~ tube 
-:pi'THed proKaical1y like scores of other c.at.hode-ray 
lllhe . .., .... ·hieh had been operated in the course of man,\­
\ ,',lrs ill many laboratorief3. In the keen reasoninf!; of 
)ii;nL.:cn 'fi mind and in t.he jntcrpretat.ioD. of the new}.r 
dL'·«'(lyered phenomenon , how exciting it would han:­
iw(~11 if ill exultation he hnd envisioned -m~tly impro\'ed 
:1 nd j ruly tl-cientific .meta.lIur~icaJ annt'2.ling plO('e~SGB based 
]1111'('ly on X-ray research results, or the wonders of a. 
!'lTstalline univenw, or a new chemi,qtrv and lndm,trv. 
kn()win~ well t,he ultimate nrehitecture of materi~1 
i tJHl,Q.,< . Buj' his thoup"ht8 ,vere primarily on the tool 
I\:,,'lf rather t.han its u.qes, even though radiogmpbi<.', 
d/'ll-!nosis of the human body and X -ray photograp}L" 
I.f ! h(': int,erinr construction of fabricated objects were 
tir:"t made by him. 

Horn in the Rontgen laboratory, nurtured by Laue's 
tii:-('qy(~,;-y of diffraction of X-rays by crystals. by the 
remaJ"k~ble interpretations and predictions of Sir William 
Iha.~g and his son, Prof, Vol. L. Bragg, the discovery of 
1 Iff' erystaJhne analysis of powders by Hull, and by 
I )~'hye and Scherrer, and by many other fundamentttl 
qillu-ihutionl'!, the H,ppJied science of X~rayB stilJ remains 
r!1i' infant braneh of the subject, As has been t:he ease 
,,(l fJ'f.quent.1y, practical applieat.ioIlB had t.o ff)llo\,,~ 
hllldamental pure reaearch on the radiation, its genpr~ 
.'ttiOll, properties, and the interpretation of its inter­
ad, ion with crystals of pure simple substances. The 
ltpfaker ha.') met frequently with the feeling upon the 
r..art of inteJligent industrial engineers. and execntive", 
that there is something very mysterious about X ~ray 
diffra.ction patterns and their interpretation in terml:l 
t'lf ultimate structure of materials and that the X-ray 
reMarch worker is literally "seeing t.hings,'· As a 
matter of fact, applied X-ray science is e.x.actly what 
the phrase states-the usc of fundamenta"} principles 
and laws of radiation discovered and established in 
laboratories of physics and chemistry. There is some­
times a rema..rkable beauty in diffraction patterns, but 
no more mystery than there is in t.he refraction of white 
light b, a glass prism into a, rainbow of colours. 

h was the good fortune of the speaker to serve 
apprenticeship in X -ray science in a research laboratory 
of pure physics under Prof. William Duane of Harvard 
Univeraity. Whatever may be the value of subsequent 
contributions in the fie1d of practical applica.tions of 
X-radiation, they have been made poSl3ible because 
acquaintance with X-radiation, the tool itBelf, was the 
first objective, While diffraction technique is quickly 
acquired by the novice experimenter, a thorough 
knowledge of the fundamental physics of X-radiation 
is essential if he would use the ,method intelligently or 

.. G.il'OO before the _4.znerican Section on November 4, 1932. a.t 
}lew York.. 

ext,end tht'· practi('al utilizatioll, A.n imagin&tion guide 
by a knowlroge of fund"uut."ntall'i, ph18 p.xperil~nm~ store 
up with proper eni'hu8ia.<m1, sef'm tn })(' e ......... mtial requin 
ments i~l the field of (~J>plied X-my r('~\'ari',h, as it i 
in all tbe nw!'(': familiar 1~f'{>flS. 

Any attempt t·1,) e~timl1tc tlH' vaIut' of .'\-tt\y l'e8t~tlJ'(' 
and t-estiul! in illdHl:~tr.\' durjn~ l:hl' plt:-t d.i!l·.adl· wouI, 
be fool hard ". Far 1 00 man\" fa('torl' are inyolved 
including thl' pOf\~ibl('. siwinp: ;){ human lih· a.~ a re."Iul 
of a.ssuran('e of ~o\lnd m .. tterial:-:: of I..'ollt':tru(':t,inn, Th 
method is Rtill ('xperimf'ntal, Rud tlw appli!~I\t.ion~ to' 
r{'cent for sl1eh an ae('ollnt.illg. Furt hermore, w h, 
would aHempt ('YeTI to I!Ul'f(~ willit has h('~'n th(' .... aIu· 
in indw'<try (If .. ~uch an inst.rument a.'" dw lllil'ro.':icoPI' 
known and uBed during all these manv Y~!Hi4? Almo!' 
as difficult would l)e an im"cntorv ~f' Retwli lil~hj(~v~' 
ments: tha.t is, the actuallmcees)li'ul \l."!~ uf X'fln- dati 
in production, leading t.o improvement."! in pr()p.e~:-l Hilt 

product, and the evolut,ion of new one~, t.h~~ I"Ictting U J 
of X-ray specifications for ma.t.erials, the fl)undl~tion II 

patent claims a.nd fnndamenta,} difiemnt,iationx fron 
prior art, and the n~w approach t.o uneolved problem 
upon whioh other methods huve hcen t,ried in \'Hin 
It would not be difficult t.o enumerate ali many u,s 7~ 
items in such an in\,('utofY, from direct (,'Imtn.ct durinl 
the past. few years. Sueh fin l11V<'ntnry might Vf't': 

easily assurne the proportion" 'if a lar~e indul'triu 
encyclopredia. It would seem wi~'Wr th(lrefor(~ to hrill, 
to your attention briefly a few exa.mpl('~~ of problem 
which have been attacked by X -ray t(>J;;carc}i met-hofi.­
primarily select('d from recent inHstigatiOlLi ill (lUr ow 
Jaboraton', 

It is w~ll t,o not.e at once that: ther(' arf' t,wn prineip;; 
types of applicat.iollR of X-l'ay:-. in . indu:'Itry. The&. 
two types depend upon the UAC of t\vo different Ilfopert,ie 
of X-radiation, namely) absorption of th~ raYfi i: 
varying degree by different mate,rials, and the diffractio 
of the rays by material substances acting 8S grahnw 
Upon the first of theae properties depends the 8c.ience { 
radiography, Int.erior defects or heterogeneities are jm. 
as easily disclosed in the body of a solid material ttl:! III 

the bones of the. body, or foreign object.'i, or tumourl 
or tuberculosis, and in, these past few years the worl 
has come to recognize and t.o appreciate t.he significant' 
of industrial diagnosi8 by means of X -ra)'!'!, just as i 
recognizes the indispensability of X -ra;vs in the m~diCl: 
diagnostic field. Sound castings, sound welds, depenc 
able parts of equipment subjected to high temperatuf{ 
and pressures, reliable automotive and aircraft part,1 
finished manufactured prodllcts of eve.ry kind proped 
fabricated, coal intelligently classified and clea.ned frOJ 

non-combustible foreign material-there can be n 
misunderstanding or under-valuation of these achievi 
ment8. We look forward eagerly to the time when th 
railroads of the United States' will be equipped as 
matter of course, as the German railroads ' are, wit 
X-ray testing cars which can be run ,alongside Ivcomotiv 
fire~boxcs or boilers and test , them· for incipient failur4 
Recent unqualitied recognition of X-ray radiograph 
leading from boiler code re,,;sions has made it alma! 
ixnpef'c:l.tive tha.t welded pressure vessels manufacture 
in this country must be subjected to X~ray examinatio 
and accepted , if a sound structure is disclosed. ] 
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might lJf: interest.ing to call attention t~ th_e efforts made 
by nuulUfo.cturers of X-ra.y equipment to meet this new 
need 01 dependable and elastic apparatus. Figs. J 
ond 2 show some of this new industrial equipment which 
hn8 been tried and fOllud not wanting. The value or 
radiography in revising foundry and .·e/ding technique 
alone is probably beyond the powers of the imagination. 

FIo. J 

rou' X -ray "Wel,;?!. radiogrupJling the HOfllou-16l4 

Every X-rny laboratory is called upon to make SOll'l e 

:rout in or incidental mdiogtapbic e..xamiuation. A 
tJ10rollgh acqnnilltrulce, therefore, with the laws of 
absorption and with dIe proper relationship of volt.age 
on the X-ray tube and wave length to the object under 
ill\'oatigatioD jB JJjgbJy desirable. Rllcliogmphy js no 
longer n purely empirical development because definitf' 
llUlTlcrica.l data, at least lor steel, copper, bras.';, and 

1- .-'i'r~·~l' .~ fi 
• --, 'lj~. i~! .11 'i 

j .. . : 
" • . ' I' 

I·' r~ 
.• .~.' . I 

_~. j . 'J! 
____ _t~_. __ _ 

aluminium, u.ro now easily available. As rut::lJllples of 
the type of examination that ia Bometimes required may 
be cited studies of small bra.ss oastings used in gun parl8 
for t.be United States Army. In Fig. 3 is shown a. :radio­
graph for such 0. piece indicating a large a.nd dangerous 
defoot in Olle particular oomer. A.pparently the defect 
wus due to u faulty custing teohnique and the discovery 
may, it is hoped, prc\Pcnt the use of other sirnila..r defecth'c 

.April U. \1I3j 

pil'Ces. .Another interesting study has been made of 
steel fencing foiJa. Au accident caused by the -!ailuN> 
of n foil used in a Unive:rs.ity clllBS led to a decision to 
su bject all such foils to test. The expectation "'as 
tha, possibly two or three out of several hundred foil s 
might ahow some evidence of the internal defootB. Aa 
au actual fnet, at least 90% of the foils were unbelievably 
bad and their use in fencing contests would involve 
unnecessttry .r;sk. \Vbile this represents only a 'l~('r.r 
small item, the safety of human tife is n,everthe.lesa con~ 
corned and rigid X-ray sponifications mus. beset up. An 
Illmost endl ... Dumber of other examples might be cited 
and illustrated, but in view of the obvious advantage8 
oJ those- praotical applications it seems scarcely necessary 
to extend th.e list. To-day thC1'e is absolutely no excuse. 
(or the use of grossly imperfect materials whe.n theiJ;' 
uctection and elimina.tion is s'o simpJe and straight ~ 
forwOl'd. 

It is with the ot.her branch of X-ra.y science, Ilamel~\ 
diffraction analysis of the ultimate strncture of mate.rinls , 

,FIG. 3 

that we are primarily concerned. Since the directnes.q 
of application is not. so readily apparent and the method 
involves a. more profound scientific basis, I have liked 
to think of X -ray diffraction methods o.s a super-micro­
scope simply because inIormation is "ouchsafed upon 
aroh.it.ectun..J plan of tbe ultimate bnilding unit_, 
far beyond the power: of any microscope. It is a familiar 
fact to till that solid matter", built in a remarkably 
regu.1a.r and definitely organ.ized Inrulner. The amorpholL" 
tale of matter so long famil.iar in chemistry prior to the 

penetrating analysis 01 X-ray ?ifuaction effeets has 
become one of the rarest things in the world. The 
beautiful large «ystal w;th perfectly developed facets is 
surely cOllBtrncted throughout ou a lattice work upon 
which the atoms and molecules lie. But in addition 
Bubstances wruch appear to hay, no distinguishing form 
under the mierascope disclose the same kind of regular 
arrangeme.nt in particles only one ten -millionth of a 
em. iD diameter. If then. eaeh crystalline substance acts 
as a three dimensional difiraction grating for XPra:~ 
because the inteJ:plnna.r distanqes are of the same order 
of magni!::!.de as X-ray wa,-e-Iengths, it follows that the 
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diffraction pattern Wl1it1\ is registered. upon the pboto­
£!l'8l1bic filn) mu be charncteristic of thf archltec1lU'81 
plan of thi!ol particula.r substance, and when properly 
interpreted diFcloses that plan so clearly t bat .models 
c:(!ycral hundred million times targe.r may be constructed. 
hi a sense tJlerefore we are looking th.rough a super· 
microsco).X' fo the '('ery bcginningf40f spacial nrru.n~e.mellt. 
Imd 110t onh' do we determine the ultimate c_r\?stalline 
"tructllI(, lind the arrangement in space of atoms and 
molecutes whit h cluuacteri1.e a given substance, but we 
are also able to ascertft.in the couditiou of tbe particular 
specimen. In other words, we mft.y easily difierentiat o 
hetween specimens with precisely the 8ame funchunentai 
c-rystalline struc ture and chemical composition in terms 
of grain gjz.e, preferred or random orientation of crysta l­
line grains, intcrna.1 strain , effects of deformation, and 
other properties, the knowledge of which is so important 
from the standpoint of practical behaviour. Some of 
these X-ray cha.rttcteriutions will be illust.ratoo in the 
following exalnl)les. 

Fw.4 

Tribut.e must be paid to a large number of 'wo'rkers 
who have contributed towards tbe ever-improving X-ray 
(liffmction appa.ratus and technique. Not long ago the 
lime of e~-posure necessary for d.iffraction p..'\~erns 
often ran up to a. hundred or morc houTS. Under such. 
('onditions the method remained very largely academic. 
But now X·ray tubes and equipment are avai~able by 
wb.ich diffraction photographs may be made III a few 
minutes. I ndustrin.l interest and demand have OeCli 

largely responsible for improving the m et.hod unt.il it has 
hccome economically justifiable, and for making it POB­
I',ib l,e to deal ,,~ith uDstable and changing substances. 
There has been no re'~olution in design or operation of 
an X·ray tube !Jut merely the application of good judg­
ment and sound principles of construction I 80 that 
X-ray beams of maximum intensity can be produced in 
n:pparatU$ which operates continuously. As an illuatra· 
nOll n}~1\" be shown a photograph of an Ott·Selmayr 
t~ pe tube (Fig. 4) in the laborat()ry at the University o( 

31" 

Illinois 'with which eX[)Qsnre:! IHtl)" Uc mode in ~oooud!-l or 
minutes. 

The propertie.1t Md belt",·iour of uldu~t rinl matcrit~L'" 
depend 80 fundamc.ntil,lIy upon the ultimate structnres 
t hat it is only b~t careful detf'rruinntiOil of t hese that we 
can come to 0. ratiODa.l ttnde.rstanding and ('ontrol of the 
production und llse. OQt of the data which Ilre nCClUlIU· 
lating hulS come a lle\\~ science or cry!\wt chemistry. 
There WI\S a. day whun t.he chemist t:riNl to d.~troy the 
solid with which he was working Rin('c he (('It 1 bat he 
knew nl()ro about 1:\ liqu_id Ro1u.tion ur ga..~, but in these 
days the proeesa hIlS reversc-d. itself Ilnd I he chemist 
deo.1in~ with matter find its cbanges attempts to form 
crysta ls. The ramifications and Biguificanc(.Is of 
diffraction analymscan best. be ilIustraled in tl\efol1o"iug 
~pec:ifie CR,f;es. 

STRUC'fURE O)' AI.LOYI:I 

It stancl~ to the matchless crcdit of -Much mel} as 
\Vestgren and bjs I1850ciates especinlly thnt the nearly 
hopelcss complication.s R880ciated with aUoy'" have 
resolved themselve.~ into fi science goY('nl(~d by fnl"­
reaching fundam.ental principlea. Form~tjon of a.lIoy 
p'baae8 and intermetaUic comJ)ound.~ depend!t not upon 
some mysterious capricc Lu t. upon the rntio o( the 
number of yalence electrons to the number oJ atoOl'! iu 
the molecule. The rnetallurgi~t must thererore toke into 
account valence electrons, co-ordina.tioll, atomic radii, 
und other concepts wruc'h fo:rmerly seemed t<> have theor­
etical interest only. In 1~26 Hume-Rothery suggested 
t hat the ~ phases of severa.l alloy syste.nUl which seerned 
to be entirely analogous in structure had structuxal 
slmihnity because this ra.tio was t.hree to t wo. In many 
cases the y phase of a, complica.ted cubi!; structure ha.s 
Lef'D found ha,v-ing u8ually 52, but in !:lOme caijel:l, 8 times 
52, or 416 a.toms, in its eleme.ntary cube, ns in CultZu8• 

CustAI., 00318118, F~5Zn21' etc. I t. has been possible as a 
result of investigations in our own labora.t.ory on the 
system lead-sodittm to add a.nother member to this y 
list. Analysis of the diffraction patterns shows aga.i n 
the same kind of characteristic cubic structure, that the 
fonnula. Nll.Pb usually assigned to this phase is actnally 
Na81Pha. and that thcre a.re olle and OJH!·h.'l.lf times 
52, or 78 atoms per unit cell. This generalization has 
verified the prediction from magnetic 8lU1ceptibitity 
measurements th.at the elements in group 8 of the peri­
odic table appear to have zero valence. A ct08c-packed 
hexa.gonal atrncture, t , and an a.tomic grouping which 
seem.'i to he connected with a concentration of valence 
electrons 7 t.o 4- is also commonly ptesent in these systems. 
'l'hm the alloys of greatest industrial importance a.ro 
found to depend upon the valence electrons, and upon 
this same basis Dew alloys ma.y be prcructcd, their ranges 
of sta biljty dolimit.ed and the nature of the metallic 
bond as contrasted with other iYi>{'s underatood in a 
Ule&mre for the firdt time. The who} range of binary 
hon allDYS i~ systematized upon a. conside:ratio'D of 
atolnic radii, 

FORMATION OF SUPERSTRUCTURE ALLOYS AS A..~ 
EXPLANATION OF MECHAN tCAL FAlI,UBE 

The problem o£ failnte of many aUoya owing to cracking 
ha.q always been se.rious~ simply becatI.Se th.e:re seemed to 

n 3 
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". ItO little evidence of a chaage. Many of these diffi­
culties are cleared up by t be discovery from X-ray 
measurements a.lone of the existence of 8Upe.rst,ructure 
alloy.. A num"'" of biDSty systems have long been 
classified as fonning a continuous serie& of solid solutions. 
Foreigu atom. entering the mixed crystala may take up 
special positions and actually enlarge the lattice or 
lower the symmetry. Such a lattice is really a true 
oompoWld. It is distinguished from th.otheloompounds 
by the fa.ct thAt it .represents very slight defornllltion 
of t he lattire of the pUte metal. It is distiuguishcd from 
• trUe solid solution or mixed crystal by t.be ))OW .uper­
st.mcture lin .. which appear in the X-ray pattwLS in 
addition to those c.baracteristic of a pure metal, or by 
tbe apparent splitting of normally aingle lines. The 
superstructure types do not usually appear wi.h ordin­
al)' melting practioe but only after CBrefuJ tem_pering. 
The presence of other metals in small amounts seems 
to have a profound effect. In recent studies the super­
",ucture alloys of the system gold--copper have been 
easily identified. particularly. tho •• corresponding to tbe 
composition AuCu. In the presence of other metallic 
elemente this superstruc.ure is more easily produced, 
with the result that fatigue and ageing failure of the 
fa bricated goJd alloy may take place. The X-ray 
metbod therefore, has mad. it poasiblc to determine 
exaotly t\le Darrow 1imi .. within which a true solid 
solution ma.y continue to exist lollowillg a. succession 
of rolling and he~' _tnten" and after quenching 
from very exaotly determin.ed temperatures. :F'urther 
.. ark 0 11 the ternary and quaternary alloys of gold will 
remove from empiricism the founu)oo handed down for 
generations lor producing gold of & given carat for a 
given purpose in jewellery, dental fillings, fountain 
pen nibs.- etc. 

MEClLL"V1SM OF CORROSION IN ALLOYS 

The oorrosion of metals and alloys has been always 
one of the greatest p rohleJIll! of the chemis. and chemical 
engineer; and many theories of the mechanism o{ cor­
rosion have been put forward. A vast amount of effort has 
iJccn expended to understand wha.t corrosion is and how 
to prevent it and yet only now are investigations being 
undertaken by the X-roy diffraction metbod to di.scov~r 
exactly what bappens on the corroded surface. The 
recent work by Glocker and Gmt on the corrosion of 
gold-<:opper alloys and our own work independently 
undertaken in the same field make it possiMe to 
proceed to • study of the corrosion 01 other types 01 
alloys. Such an alloy, after etching with stroug 
oxidizing agents, produces the diffraction interferences 
lor pure gold in a surface layer oriented exactly like the 
original alloy layer. Thus with the removal of the less 
noble copper .toms from the mixed crystal lattice, che 
relIl&ining gold atoms have the power by virtue of tbe 
great 1a000oe forces to group together into a pure gold 
ory8tallayer with entirely different lattice spMing from 
that of the underlyiug unsttaeked alloy. Weak oxidizing 
agente. su1phur-containing compounds. and couo&ve 
gases have the eHoct oI producing an outer layer of 
alloy muoh rioher in gold tbon tbe original crystal. 
When g_ attack the surface at high temperature& at 
..,roch ato"", diftuse ossily, the oopper atoms can aU 

reach the surfaee and _po from tho protective ",,(.ion 
of the gold atoms so that the oor""ioll JOne is pure gold. 
In order to explain these resul .. a definite mobili.y of the 
gold atoms i8 necessary alter the oopper ato"", are 
removed. An interesting further observn.tion has to 
do with limite of resistanoe to corrosion as & function 
o{ alloy composition. Tammann has stated certaiu 
rules based on experiment concerning these lintita at 
wb.ioh corrosive attack can occur in alloys. Resistanco 
to couosiol\ begins •• a remarkably definite con .. nt 
of the more .noble metal component depending all tho 
corrosive agent, with varior,., rcsi.stauo limits correspond­
ing to content, of N 18 mole of the noble component. 
In the case of gold-copper aUoy. rosistance to attack 
of weak oxidizing 8ulphut-«lutaining Il.ud 88300119 Il.genta 
begins a. 25 .tomic % of gold (218 mole) and the 
corrosion tono jg a. gold~ricll 80ud solution. The aUoy 
with 50 atomic % of gold (418 lllDle) i •• he resi. tanoo 
lilllit for strong oxidizing agents a.nd the oorrosion zon~ 
is pure gold. As a result of th(lo,s#;) ob8crvntions a more 
complete picture of corrosion and l.'C8lstauC6 mechaniBnlS 
is afforded-<>U based upon tlle intel:preta.ion of X-ray 
difuact.ion pattetIlS. 

STAGES Ol' REDUCTIO'N AND T.IIE EFFECTS O':r VAlt.lABM~S 
ON" 'rIfE STRUCTURE O'P SBE~T STEEL 

In commercial cold rolling of sbeet metals funda­
mental iuv"'igatioDB have led to • knowledge of the 
types and degrees of preferred orienrotion produced 
in metal sbeete by ootd rolling. X-ray clill'mction 
patterns prove that in a rolling process .he face diagonru. 
of the unit crysrol cub .. of iron tend to take up a 
position parallel to the direction of rolling, .ud 011 b. 
race planes tend to take up • position parallel to the 
su.rlaoe of the sheet. This beheviollr i. entirely com­
patible with what migM be expected'in the defer!Dll.tion 
of iron and steel. 

Clark and Sisson have made a. long serics of studies 
of these problems for various motam, but the scope of 
the data provided is too extensive to permit presentation 
of results here exoept lor a few poin .. of CBpeoial interest. 

Stn.u::ttm:il changes witl, fuccessive reductiofls.-The 
change in X~ray patterns with 8uC0088ive redu.ctions 
is best represented by Fig. 5 for low-catbon steel, 
selected from • series of 84 samples. n"", the X"l&Y 
beam p ...... d perpendicular to thc rolling direction aDd 
to the sorface of the sheet. 

PU' 
o 

14 

19 

21 
30 

Gauge. iu. 
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o Large .random grains 

47 

71 
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97 

Fragrnouta.tiou below 3,j and 

N!~l;a::;~r~~tion. 
ran.dom 

Appearance of six-point . 6hre 
pattern ch&ttu::teriMtie of draw­
ing 

Pauing from six- to rour-poin~ 
pattern 

Typi.cal rolling pa,ttern 
pcrfoot..ed orientatiQn 

From a whole series of steel samples the followiug 
av~e. results we're obt.a.ined: appearance of continuous 
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rings (fJ1l~roenta.tjon), 27% reduction ; SMl'P rings, 
38% reduction; six-point fibre pattern. 54-0/0 reduction; 
four-point fibre pattern, 76% reduction. Sucb values 
Rte greatly dependent on IYI'" of mills, chemical compo­
sitiOD, thickness, grain fliy.e, and orie.ntation in the original 
lnatcrial. The result~ cOllfirm those of Tarnmann, 
who found that in rolling, two olearly defin_oo cha.nges 
in crystal orientation can ue distinguia.hed j the first 
in which t he fOTC(' duc to rotation of the rolls acts 8.8 a. 

A 

also on the illitial strip thickness. A sample reduced 
from 0·08 to 0'01 in. does not show the ""Ille degr •• 
o( p~Ietred orientation as one reduced froDl 0·04 to 
0·005 in., althouglt both baye received 87 ,5% reduction. 

Effect oj carbon content.-Most of the previous work 
on preferred orientation in cold-rolled shef't~ 11M beer} 
carried out on pure metals. In steels the pearlite is 
hard ancl more britt le than the ferrite aDd conC(l.utxates 
nt the jUDctionf-l Qf the ferrite grains with the result 

B 

C FlO. 6 D 
PIJJI~nI If»' ah-ttJ pul rtt1uud; A. 16°~; D. 36'5% ; C. 53%: D. 85% with X.rag beam Itw(lenl 10 skw 

from. tthlch (Uoo llnt of cold work f'II.Q.y be calculated 

tretohing force (six-]>ohlt X-ray pattern), alld the second 
I> which the nctioll of the rolls i. similnr to that of 
Imp!. compression and exert~ the g ..... test influence 
n the Dnal orientation in cases of large reductions. 
Effecl of inilial grain siu.-Grain size h .. cousiderable 

>.fluenee upon thc structure of cold-rolled steel during 
illy .tages of reduction but after large reductions t he 
ffect is lost . The sma.ller the initial grain size the 
69 cold ""Qrk is required to produce II fibering:' 
Eff.a of initial strip thi<:.h<e, ... -Thc degree of " fiber­
g "depend not only on the pcrcent .. ge reduction but 

that when pearlitic steel is cold rolled gli(ling takes 
place only in the ferrite. Duzing the rollinl' !,,,,cess the 
pearlite is dispersed. while the soft ductile ferrite fonns 
8. plastic bond which is not oriented} so as to form It 

traight fibre structure, but is curved around the !)efl-rlite 
particles. The X-roy pattern, therefore, gives the 
a.ppearance of random arra1)gement for high-carbon 
.teels. 

Effect of rollill9 m,iable.<.-( I) The roU diameter bas 
1_ !lffect ~41 final stntcture than the tot.l percentage 
.reduction. The smaller the rolls the greater j the 
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anguLll cUverge.nc6 of t.he grains laterally in the rolling 
plane from tb. ideal preferred direction, whiJe large 
roUI! te.nd to produce more divergencf.' norma.l to the 
rollinp: plane. Numero\1!1 oth.er small difierenceH mfly 

reversed passes through the rolls. (3) Various combina· 
tiona of tension and compreMion of the sheets nave l~n 
studied in detail, both experimentally and with vector 
theory. Fibre structure tUe ultimately obtained bUT 

FlO. S 

.}!;J/ed oj 8UCCta88ive lood.ing o/8iluxm «ltd _ntpk with X..f'YJ.Y ~m pa&&ing ("rough e:mc1ly 8Q1nt portion 0/ 
'p<eim ... : (1) 15,000 lb. p<r "'I. in., (2) 00,000 lb. Pu "'I. in .. (3) 60,000 l/;. p<r tJq. in., (4) 62,000 lb. pu sq. in. 

al,o be quantitatively ascertained, jlMticuJarly for 
early and intermediate stages of reduction. (2) With 
snlA Il rolls the same structure is obtained at -speeds 
from 70 to BOO It. per minut., and with mudirectional ox 

the appearance of the faux-point patt.ern characteristic 
of'coDJP.~on can be greatly delayed by application of 
t~lllIion. (.j,) Interesting results are obtained by roUing 
metals in aU directions (r8ndom)J at 90° (very perfect 
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.' Jibering "j, 60' (six-point inst~ of fOUI-point pat­
terns), etc. (5) An X-my method of determining lbe 
amount of rold-rolling to which a shoot has been 8UI:o­

ieete<1. In the usual method of takinJl X-ray dibetion 
pattern,1iI of GOld-rolled wee , the A-ray beam passes 
perpen,licular to both the rolling direction and the 
plane of rolling. Preferred orientation may appear only 
after 60% l.o 70% reduction, depending on tbe type 
of miU aud original ma.terial variables. If the beam 
is Uladf' to plL.CIS through the. material perpendicular 
to the rolling direction and parallel to the rolling plane 
(ed~e-on of tbe beet), evidence of preJerred orientation 
ill obt.ained aft«_I 15% to 30% reduction, depending upon 
rhe a.»ove-m(,..Dtioned YQl'iabJes. This orjentation gj"es 
ft six-point fibre patt.ern similar to that for oold-drawn 
",ires. Instead of the pa.tern changing to a fOlwoJd 
pattern '_pon further reduction.. as is the case whe'n the 
11eam j8 norma) to the rolling p.la.ne, the type of pattern 
remains the AA.mt". However, as the poreeutage red.uc~ 
lion inCEea.sesJ the iutensity maxima. become sharper, as 
illustrated in Fig. 6 for 16, 36'5, 53, and 85% redllotion. 
In certain caaes it has been possible to determine Vt.ll")' 

s.mall amounts fI.C cold work suoh as roller levelling after 
annealing, by careful examina.tion of the X-ray pa.tterns 
(elongation and split.bng 01 interf .... nce of spots). . 

Fatipue problems bl steel rails.-Co-.operative efforts In 
('ombuliog X-ra.y \mrk with fatigue tests .ha.ve not yet 
been completed. altbough progress has beeu made and 
more will I,. expected. One of the chief dilIicu!ties h .. 
been in providi.ng specimens sufficiently thin for X-ray 
ililalysis. As au example of such research, some 
prelihliuH.ry reAults are presented in FiJ!'. 7 for steel rails, 
the diagram allowing the location of the samples. The 
ideal stmetu,," ,bown by No. I~ may be oontruBted wjth 
~o. 26, fM example, which shows straul in. the radial 
striatioDs of the pattern for actual preferred orientation 
of the grains in such an area. Fissures usua.lly occur, 
largely a~ 11 l~Slilt of the varied Btruoture in oontiguous 
portions of the rail. 

Effects oj -ntefumred 'mechanical strain on commercial 
. ,I .. ! speci11le" •. - It may be readily granted th.t one of 
the most vit.aU~' important a.pplications of diffraction 
analygis is the detection of in.te.mal strain. Apart from 
tbe mechanical gauge-mm method of detecting the 
strain. tbere j8 no other approach. A metal specimen 
may be perfectly 'OlUld frQIll the radiographic llOint of 
,rjew and yet represent so highly dist.orted a str.ucture 
that it is a. pot.entlftI cause of failure upon fatigue. There 
is still ll. gr.;o.at difference of opinion as to th.e int6r~ 
pretatiou of diffraction manifestations of strain. The 
speak"" however, has always held tellaciQualy to the 
firm belief that asterism or radial striation, upon the 
photog:raphic libn m1ll!t represent a ""ndition of di,­
tortion. This can be demonstTated suuply by taking 
any single crystal specimen whose diffraction inter­
ferences art' sharp Laue spots and subjecting this 
&pecimen to tension deformation which ma.y be actually 
calibrated. For .wme time the effort .has been made to 
build up a series of standards 80 that a numerical value 
might be assigned in terms of deforming foroe to any 
evidence of a distorted struoture. SoDle of these changes 
are ilI1ll!tmt"<l in Fig. 8. 

(To be cOllli""ed.) 

TIlE PLASnCS EXHIBlTION 
In the absen e of Lord frwin tlle PI""ti .. lndUlltr_r 

Exhibition at tho Science Muaeulll, South KlllliIington, 
.... opened on Wodnesday the 5lb inst. by ~f,. H. 
Ramsbotbam, Pur~l\lncntary 8eeI'etary to the Board of 
Education. M.r. XonD tll ChaDQ. bri • .1ly referred t<> 
the rapid growth of tho plastics industry "lid the Deed 
for culling public attention to its mor,t recant develop­
ments; MT. RalllBootha..m, alter nUud.ing to the efforls of 
the BORro of Education to mould those pJ/llI6e mate.rjRJs 
tbe minds of the schoolboy and schoolgirl, spoke of the 
desire of the Board of Education to l18Sist industry a.nd 
paid a well-de&erved compliment to oir Hen.ry Lyonft 
for his enterprise in counU:lotl witJl the organit:ation 
of the exhibition. Dr. Picka.ro and ~1r. W. . Wllg­
home also Jnflde brier speeches. The exhibition is 
one of singular interest both to the scientific person and 
the !ay pel'SOn and many of the object" disployed lire of 
!iinjrulal" beauty. A more detailed account of tht· 
exhibition will be published at. !ater date. 

FUEL RESEARCH· 
The annual report of the Fuel Rese"'rch Board for 

the y€!ar ended March 31,1932, refers to several impo:rto.ltt 
matters. 

Low f.emperatu re carbonuat1fm in brick retorts.­
Evidence shows tha.t considerable progress is being 
made towards solving some of the outIJtauding problems 
ot the low tempera.ture ca.rbonization of coal by the use 
of brick retorts. An expnrimanta.l br.ick retort has 
been working aati.factorily and steadily at the Fuel 
Research Station si.nce Nove.mber, 1930, and wo·rk is in 
progress On the erection of a setting of two briok retoTts 
of the I.teat design an,l • setting of two intermittent 
vertical cb.a.mber ove.ns. 

Usiug a. medium caking ooal-" Dalton Main "-
• tbrongJ)pllt of 10 toM per day has been maintained 
with the brick retorts. givittg a yjeld of coke containing 
approxiroately 9% of volatile matter, and Buitable 
for usc o.g a. domestic fuel in open. gra.tes . 

Treat.me"t of lar.-According to the report: 
U The production of a .free-burrung s.mokeless domestic 
fuel is perhaps the main object Qf C low '. temperature 
cru:bnnization, but the fina.llcial suooesa depend., .. h"" 
many tiroe. been pointed ont, on the profita bl. dis­
posal of aU tilie Bubsidjary products, and the drop in the 
price of tara and oils that haa occlJl""red in recent yeats 
has a serious effect on the balAnce sheet of tHIeD pro-

- ce..... It has been shown that tar.!, produced at 
temperatures below ahout 800° C., can be coDve·rted in 
the laboratory to excellent motor 8p'irit and Diesel oil, 
with the entire elimination of pitch . . 

Lubricating uiki from coa1.-'-Attention has beeD 
given to the possi ble preparation of lubricating oil 
from 00111 tar and hydrogenation produetIJ. A yield, 
small up to the PJ:el!eJlt, of an oil-which behaves like 
a good lubricating oi!, has been produced by the ootion 
of aluminium. chloride on certain substances obtained 
from ligbt oils. The suggestion that a lubricating oil 
could b. obtained by blending a partially hydrogenated 

• Report of the Fuel R~rch Board of the D.S.I.R. for 
ye.r ended March 31, 1932. H.M.. tatil,uery Offioc, 28. ed. 
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tar uil with another oil, not having lubricating l>ro­
perti .. , is being followed up. 

T"ialB oj oil/rom coal in inlemal·combt~tion eJlgines.­
T81l1is carried out on •• tJlples of Illotor .pirit prepsred 
by hydrogenating coal and low temperature tars in­
dicate th.t the aamplea have considerably higber outi­
]mock values tha" that of the petrol. at presant marketed 
in this country. 

Pul.eriud I'«l.-The report reoords progress iu the 
uevelopmevt of more efficient burners for use with 
pulverized fuel. Succeasful results ha"e been obt.ined 
with a. burue.r " so constructed that a. mixture of primary 
'Iir And fuel issues through a. • grid J in 11 series of thin 
layers, between whioh are supplied layers of seoond.J'y 
air, preferably preheated," 

A COml)lete departure from existing methods of 
burn.ing powdered Mal is ma.de in the " vortex" com­
bustion chamber under development at the Fuel 
Research Station, in which II a.n a.ttempt is made, (or 
the first tinte, to control the motion 01 both the luel 
psrticles and the air required ior their combustion, ill 
order to obtain the relative motion requisite for rapid 
oO.lllbustion in a small sp..... It i ... lao hoped by this 
llleans to elM] with fuel of a coal'8er nature than that 
usually tcquired for powdered fuel fi_.ring." 

SIR ROBERT AND LADY ROBERTSON 
WEDDING ANNIVERSARY AT TEDDINGTON 

OU Saturda.y afternoon, the 8th inat., an extremeh' 
III .. ant Garden Part.y wos l,eld , by the kindness oi 
Sir Jo. eph Petavel, in tlle beautiful grounds of the 
NatiolHll Physical Labomtory at 'J:eddinbri"..oll, to cele­
brato tllc thirtieth ttnnj'..-crsu.ry of the wedding of Sir 
Robert and J_jady Robertson. The weather was. perfect 
for sucll a gatbering, and tbe churmlug honse and 
gurd 'n.s may 00 taken ns c"jden e 01 the esteem ill which 
physical research i. beld l,y the Nation. Tho •• who 
were privileged to attend this celebration will never 
forget the di.play of daffodil', tJ,. water colciurs IUtd 
drawing' by Lady Robem.on, or th .• Highland dancing 
.udiolk dancing in which Sir Robert. and Lady Robertson 
und th.ir son and daughter took part. The bagpiJlcS 
are eminently suited for such an open-air entertainment 
lind the I$kiU of the dan crs was encouraged by the 
trnditional music. Mr. Rintoul, who WIlS the bCl)t man 
at the \\Tcdding. was present all this annivel"sary. and 
many men of science with their wives and da.ughters 
came to otter their congratulations to the. Government 
Ohemist, his wife, aDd family . Sir Robert w"" educated 
81. t,ll' M.dr.", Academy, Oupsr, Fifo, .lId at St. Andrew.' 
UnivcTSity, where he studied chemistry under Prof. 
Purclie, In lS~2 he was appointed Chemist in (,he Royal 
Gunpowder Factory ot W.lt.bam Abbey, where the 
lnll."llwactUl"e of cordite, then a new substance, lind just 
been st&rt"d, H. remained there until 1907, carrying 
out resea..rches on the stability of explosives and on their 
manufacture and was for 1\ time in charge of the manu­
facture of nitroglycerine. rendering good. service when 
a" unfortu.Ilate "-'1'loaion took place in the yeer 189{, 
In 1907 he WI\S tralll!ferred to tbe direction of E''Plosives 
Rescarcl1 at tbe l~es.es..l"ch Departmeot, 'VooJwicb. and 
ou the outbreak of war ill 1914 was confronted with 

many great problems, including new proc088e6 lor the 
manuf .. ture of trinitrotoluene and new types of cordite, 
In aoaociation with others, heiuveBtigated the high explo­
sive B.rnato1 (IWlmorunm nitrate and trinitrotoluene) 
which became the Service high explosive for shell, •• rial 
bombs, and other purposes, and was manufactured on a 
huge seale during the war. He haa rood papers on tbe 
calorimetry of explosives before the Royal Society, 
of which he has been a w!llIlber since 1911. III 1918 
b. received the honour of a K.B.E. In I n21 he ...... 

apl?Oluted Gov6y_nment Chenm.t in charge of the Govern­
ment TALbo:mtory, a. department that carries out chemical 
work and investigatio.DB for a.ll the Departments of 
·t.te. H e has guided this growing institut ion and 

in addition to his administrative duties haa found 
time to de"ot~ to resea.TCh on the infra-red region of the 
spcctrll.nt in eonnexion with \vhich several papers ha.ve 
been published by the Royal Society. He h ... been 
l',,,,,;dent oj tbe Farod"y Society, and 01 the Ohemistry 

cetion of. the British Association and is Treasurer and 
• Vice-President oj the Roy.l IllBtitutioJ), in whieh he 
t .. kes much int.r .. t. The photograph we publi,h 
is One of" psinting by Lady Robertson. 

CANADIAN MlNlNC 
In h.is presidential address to the Convention of the 

Engulcering Institute of Canada held recently at. Ottawa, 
D r. Charles Camsell, Deputy-Minister of Mines of 
Canada, stated that Canada's metal min;ng i,ndustries 
... ere for the most part excellently equipped with ample 
supplies of raw materia.ls and had production costs 
among the lowest in the world . 'While Canadian metal 
mining industries migbt ha\l"e to face roore intensive 
competition than has hitherto- been the e&S.e. they were 
weu able to take CRre of themselves in world metal 
markets. 
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SOCIETY OF CHEMICAL INDUSTRY 
OFFICIAL NOTICES 

Indexes. It is boped to complete the Joint Illdex 
l~ Ab.tmot. A and B next week, when it will be distri· 
fm ted with the index to the JOURNAL to every paid-up 
.lIbscriber or member of 1932. The definite aate of 
ll .. patch will be notified in the J OURNAL. 

Bindine the Journal . The u8lu\1 favourable anange­
ments will again app1y for bittding the J OURNAL 

~ither in the Society's special cases or in plajn binding. 
Particulars may be obtained from the Genera} Secretary, 
4ti, Finsbnry Square, I,ondou, E.C.2. 

BIRMINGHAM AND MIDLAND SECTION 
The 27th annual meeting of the Birmingham nnel 

Midland Section was held at the UniverSity of Birrning­
I,am on Thuraday, April 6. 

Mr. H. W. Rowell wasre-elected chairman ; Mr. W. T. 
('ollif>, hon. tTeMuter ; Mr. J. It Johnson, hon. auditor ; 
twd Mr. G. King, hon. secretary. Mr. W. A .. S. Calder, 
Prof. Hopkin. , and Messrs. J . R. Johnson, J . E . Such, 
aud J. Wilson were elected to vacancies on the committee. 

The report, read by Mr. King, stated that during the 
~·c.r, Hr. Rowell, supported by the counnittee, placed 
hr·fore thc Council of the Society 8. definite scheme for 
IY"Organization which might have far-reaching resu.J ts. 
Th. King stated that the programme for next season 
would include a. jojnt meeting with the Chemica.l Engi­
llt>eting . Group, and coutributions of direct il\terest 
til the Food a.nd Plastics Groups. 

EDINBURGH SECTION 
Tbe annual general meeting was beld on Moreh 23 

. , the North British Station Hotel, Edinburgb, at 
7.30 p.m., when the officers an.d committee for the 
session 19~4 were elected as follows: Ohairman: 
Mr. 'V. M. Ames ; Vice-Ohairman : Mr. Da.vid Bain ; 
Hon. IAbmrian: Dr. Ale::mnder Lauder i CommiU~: 
Messrs. G. F. Merson, W. A. Macgillivray, W. II. Wilkin­
wn, J. B. Westwood, P rofs. A. Findlay and T. Sinter 
Price, Drs. J. McB . Ross, W. O. Kermack, W. McCartney, 
Rnd W. M. St.okoe, and Messrs. A. M. Cameron and· 
A. P. Mieras. The last four are new members. 

At 8 p.m. a joint meeting with the local section of 
the lnfrl,itute of Chemistry w .. held when Dr. Littler, 
nf Imperial Chemical Industries, Ltd., read a papet on 
.. Drikold," wbich gave a short history of the origin and 
'llowth of the solid CO, industry. Some problems of 
' he production of solid CO, were touched u!,!,n, and it 
was shown hoW' the application . 01 thermodynamics had 
mabled economies to be effected. Methods of handling 
and transporting solid COl were described, with special 
rl'ference to those evolved by Imlletia-l Ohemical lndus~ 
t!i.s to deal with their product Drikold. The evolution 
,{ thia technique bad enabled production to be centralized 
In large producing unita, making use ot by-product CO,. 

Two of the most important applications of Drikold 
IjI,'ere described, namely 8S a soUl'Ce of COl gas in pla.ce 
of liquid CO, and its use as a refrigerant. Some method 
Ll. effecting temperature control in spaces refrigetated 
WIth Drikold were mentioned, and a.lso the advantagea 

of its use in the lUUldJing of foodstuffs, in particular the 
bactericidal .ffect of the e'·oh..a gn.'. 

Thc ps per ooncluded by pointing out that the future 
organization of tbe solid CO, industry would take tbt, 
form of a f(tw large lU'Oducing uuit." aud a. distribution 
net-work which would enable solid CO, to be supplied 
and stored at the consuming centres. 

The atteudance a.t tho meeting was a record, and 
judging from the numerous questions n.sked and ably 
a.nswered by Dr. Littler, muc.h joterest was taken in th,' 
lecture. Brewing, ba.king, aerated water, .fire insura-nee. 
aDd otber branohes of industry wero representea and 
each commented 00 the paper. Dr. Kermack propoS(',l 
1& vote of thanks to the lecturer, a.nd this WM receiwd. 
with acclamation. 

LONDON SECTION 
A meeting of the London. Section of the Societ,y waPi 

held on April 3 at Burlington HO\l,"" with Dr. O. W. 
Monier-Williams, chairman 0 ,[ the Section, presidill~J 
when a. paper on " Modem Methods: of Examining 
Pictrrres" lVas read by Prof. A. P. Laurie. A. Iftfge 
audience listened with much interest to the paper which 
was given illust,rated by a. number of slides showing tIl 
lecturer's investigations. In the course of the leoture 
Prof. Laurie said: 

The application of various methods derived frolll the 
Ia.boratory to the exa.mination of d Old Masters" has 
made considerable progress of late years, the object 
being to trace as far as poasi blc by exact methods the 
history 01 a picture, to assist in corrent attributioll, lutd 
to gu.ide the restorer. The questions to be 8llBwer('d 
nrc the date of painting of a picture, what is t,lle 
condition of the picture, the extent to which it ha l'l 
been repaired a.nd overpainted, and whether it is II, 

forgery. 
The first step is the examination of the picture unc.l er 

the microscope. Fo'r this a. magnification of some 30 
to 60 diameters is required, and the m~croscope should 
be mounted on a. travelling horizontal bar 80 as to be 
moved systematically over the whole picture. The best 
illumination is daylight. Much iruo'rmation is obt.ained 
in this way by those who have had long practice "ud 
experience. The nature of the successive layers of 
cracb. tho a.pprozimate determination of the pigments. 
and their fineness of grinding, and the presence aud 
extent of repainting are all revealed bytbis examinatiou, 
while forgeries a.re often at once detected. Information 
is also obtained 8S to the probabJe nature of the medium, 
and scaling and craclcing e..xamiued to determine tIle 
na.ture of the repairs. 

The next step is the ideutification of the pigment. 
which have been used in painting the picture. Tiny 
portions Me removed with the point of &. hypodermic 
needle, or the needle baving been converted into a. tiny 
cork borer .ample. are takcn rigbt through the picture. 
The reoognized methods of micro-cllemical analyaia arc 
applied to these fragments, or in the .... of certain 
crystalline pigments, the pol.rizing microscope can lJe 
u.ed for identification. From the time of Sir Humphry 
Davy many chemiBta bav. investigated the pigments 
used in the past. Among these contributions are the 
researches of Raehlma.nn. my investigations of the 
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1!I)!!1WJJt.,> uxed in pUJllting ilJulllinatcd manw~(;rjJlt:-. fr(Jm 
ion t(J J 700, th(> Sdenfi{ic E:cnml:natiol1 of Pictures h~' 
jiartlll (if; Wild, awl II recent monograph hy Hewz 
Jld,jf'J'Jch }J'!slll'd hy the T,'('hniral Collf'gt' Jahoratory tlt 
\lUOleh. 

TIH'rE.: it- abo it c\)w,iderl:l,hII' amount of ilT('ran' 
1/1II1i'rml, fml1l Plill,'- m!w}11'ds, ('onillillf'd )Il fmwm;erip1.K 
"II pamting by IHouk:-;, (·ar!)' paintpff', and \)tlwr~ whi('h 
11,1W I'('I'U edited and trall.'·;/atl,d by varWll" autbor.~. 
Thf' /f!l!n)J1IJ1~lJjJ.)l wllrk hy grJ);.;t. HI'rgf'T. j)1(' Jfal/rc/IJI/"/,' 
"I., Altl'dll'lnS, e(Jlltail!.-'; 1I11 t hI' lUfoTIllatwu al1(1 rd{'TI'IIC{'C; 

(111 tint< hrauch of the snhjN'L but J" llnfClrtU1wtel~' 
JOlxf'd with ...,pec;I)] {!JI!JlIiiJW (nr tlwOTlf't> whit)! )lfl' Opl'fl 

t(l qlU·.,tiull 'l'lw illfortlliltioJl from th('t'l' lit('faT." 
~('lll'{·{·.'" b,)i'i to III" {'XlIIHIIl\,d wit.h tbl' ~rt'fl.t('st 

'I.~ tlJ!'.'· (lfkll l'Ontolll '·l,!·ipl's c01llJHled willu,ui 
!'IHH-Illil'ndIOJ1, and ar!' uUft,hallIe in llOIll(,llr\'.Itlln' 
[t j" IH'('('f>I'\/tn tq dll'l"h" it 1,\, actual idf'ntificatioll oj 

rl(l-~lIw1l1-:, l,,,'tI11/1('{l fn'iIl ,;m!(lubt.('d ('fmtNlljlllT<ll"Y 

11"('Hllu'llt!->. III I'lilly· .... tlllH' t.lH' artificial pTf'}Jilr­
:1(1/01] ,,j ",lilt!> ]I'ad. Illlli'li'ii(:()t. n,d I('ad, vl'rmiiinn, 
'·'·nhgrr ... ·, tndiK(l. HIlII lftk(,s on an aJulllinfl h:lI'w 'H'1'(' 

i.;nPWJl. PaiHt('f~ mwd ill addition th!' ('ltrth coluur~ 
... lIdl ,I;" rl'd and "pllow ochre, tt'rrp Yf'rtp ano tllt' nmllt'J'i'i, 

('inlH'bnr, (JrpiUi~'nt, Itwnt,', awl maJ.-white. The artifi­
l'J:lJ :-ilicat{' o.f ('oVPN anu (·nlciuIlI. Egyptian blue, wa." 
""I,d 111 classJeal tUlle ... lllld th" early C!'lltUfi('s of the 
('hri~rHlIJ nli. u/tr<lfllnrrrW {rom Illp[s luxuli is known 
from th" 7th ('l'lltnry, and NaJl}l'F .Yellow prepnred 
Irum thl' (lxidi~H of ullt.imollY and lend Will' known ill 
II\!' lfHh ('('utnr), aud IlUlfidpT IHke~ wpr(' pr('pHn,d. 
..\ \"pry fini' azurjt~-, CUllI!' into u.-1e in tlw elosinp: Y('llrS 

1>1 tht' l;)th (','nturY and 1'('HlalllNl thp fav(lurite blll(, 
up \,> fill' wieldl(· 01 !~h(' 17th century, ,dH'I! It disappeared 
froill thl' .artist·B p~l('tt('. The clo~e of t1e 16th century 
,,;l \\ th!, llltrududJOll uf SlllUJt, and t hI' 17th eenturv 
tht' pr"llUmt~on of artifi(,ial carbonates of copper, bIu~, 
awl ~n'l'n inc!', and th" IHt,1 century thr dis.covery of 
PrnsslUli Llue. Th" l!1th century saw t.he introduction 
"f a host e,f HeW pignJ('nts t.o t.he l~rtist'l:I palette. 

WhiJp 1 hi' idpnt,lfie:ation of l)igments by micro-chemical 
method:, can rP!ldiiy 1)(' accompli;.;ht'd, the idf'ntifieatioll 
of mediums is IlIuch mort' difticult. Bet'flwax is found 
Il.~ thi· Hwdinm III HIt' portrait." from Egypt of th{' 2nd 
('('utury and hab been found on UU8sinl1 paintings UR 
lat., u::; the lith century, and maY h;i.ve bi:'f'u mwd lIlu('h 
lat('r I]I~ 11 ~roUll(l t,o Iinint un n~jxed with yellow ochre 
III Russia}! aud Yelwtian painting. The first. account 
we ha\'(' of tht> US(> of iinsl't'd oil a.~ a painting medium 
~\'llk in th{' 12th ccnt.Hr}>. It is po,<:gih1e that t.~e tran~­
ltitlll from Wl1); to ollIS p,radual, the drying- 011, ·which 
\"11" kuoWll UK a, varnish as early as the 4th century, 
lJf'iug mixf!d with the wax. The Use of yolk of egg is 
d('nniwly known in the 13th, 14thJ and If)th centuries, 
afb>r which it it-> replaced hy oil, and such mediums as 
gum, glue, and flour pa:-.t,f' &re known from the f'arliest 
tunes. 

The identification of sizf' and egg and gum is not 
difficult, as size and gum art' goluble, egg insoluble, and 
both egg and size contain nitrogen and egg contains 
:'lulphur. Eibnf'r idetlt.itie~ nitrogt>n b~· evolution as 
ammonia in a capillary tuhe. I have found a. useful 
test is to place a tiny partidt> on a quartz ghde, lay on it a 

tinv fragmpnt of sodium and heat, moisten with ferrou", 
sulphat{'~. evaporate, moisten with ferric chloride, anti 
pxamilll' fur Prussian blue unciAf the microscope. Micn,­
chf'mii.'111 t.est::; arA known for sulphur and also for th,· 
ident.ification of an oil film, b1lt the more complicatf'rI 
quef'tionR fl" t.o whether linseed, walnut, or poppy oil i .... 
nSf'd. wlwtlH'T resilh'l wt'te intrQducf'd and how hI 
f'l1lulsiollS (,f I'gg and oil WefP uRed, await solution. 1 
han rf><'('nt(v approarIlf'd thl:' quel'ltion of nll?rua in· 
dif(~('tlY by tiH' rneasurf'ment of the refractive index of 
thf' fil~lJ . TIIf' film of u dryin~ ()il continues to rise ill 

r('(ract.iw lnd~'x with ag£'. I ha.ve a linseed oil :filnl 
whieh waf' paintf'd out on tIw glass of a Herbert Smitl, 
lAractorne!f'r 7 years ago. During the drying thf' 
rdra('tivC' index rose from I· 480 to 1·472. It thf'JI 
.',to]>prd ri,c;jllg jill' two dnyi"< a,nd then hegan again risin~, 
t('adliu;! 1· ·MH in two days. Readings at intRtva\" 
JHl\'(' ht,f'o tllkt'lL By Xovf'miJer, 1926, it had ri8(>ll til 

l·r)!)!, /wd tn-da.," i.s 1'50;5, 1'0 tlmt it js continu()w;].1 
l'i:-.iul! though at Ii sh)\~f'T and slower rat('. I IHl\"!' 
tXi1lniw_·d till' rdractlvt' indf'x of the film of a('onsideraJ,!.· 
llI11nlU'f of pictlll"N~ of different date:-; a.1ld haw' l)t'I'I: 

Iqrt.ut13te t'lHlUgh to 1)(' aLle to examllJe a whit.e It·(-Id 
priming on t1 painted stone statue of the end of the 13th 
century. 'I'he following are the approximate fig:lln-,:o 
for diiIf'rl'nt periods which may be regarded afl prelimin­
ary. Late l~t.h century 1'53, late 17th century 1·5;). 
late 15th centur.v 1'58, cluse of 13th century 1'60. nit, 
yolk of egg film has an approximate refractive index ()f 
1·534. and a sample from a 15th century pict1l;Ie gaw 
.1'533, so :tppal'cntly egg when onCe dry changes lirtk 
in [(,fractiV(> lIldex and its pI(>senCf' can be confirmed hy 
staining with albumcn peacock blue and thf'n \\ashillg. 
witu. alcohol. I am at present inYel:ltigating tne judie,'" 
of film>."\ of linseed, poppy, nnt, aDd stand oil, an oll 
copal varnish, and lllcasuring their rate of change ill 
the llOpe that it may be possihle to identif~' such ID('dia 
by t,his method. 

'fhe method of observation is simplf'. I select the 
white lead, as this has almost certainly been ground in 
0;], and thi' oil film has in each case bt'en exposed to the 
sa.nw catalytic action, and whit.e lead has ueen used and 
made by the f:am.f' procf'SS from the time of Pliny. A 
particle of whitt· kad paint is deated by immersing in 
verv dilute cold nitric acid. It is then imm€'rsed in II 

seri~s of liquids of ri~ing rf'iractive index and its refractivt' 
index. det~rmint'd ~r th(, method of light fringes un~l'r 
the ullcfO.seOpt', the Index of each sample of the immersm!-! 
liquid belllg measured in an Abbe refractometer. Tw<! 
readings are ultimat,ely obtained, one abovE' and OIl,' 

bt'low that of the particle, by which it is possible t, \ 
determine t,he refractive index to an accuracy of 0·00:2. 
Old oil films are not much affected by the liquids used 
in the determination, and one film may be used for 
several readings, being washed each time with the fresh 
liquid, hut the final result should he confirmed with two 
fresh samples. In the case of a new film a. fr(>sh sampk 
must be used for every reading. , 

Linseed oil was probably the oil usod in the north or 
Europe. Italian painters used both linseed and walnut 
oil. Poppy oil may have been used in the 16th and 
1iucceetiing centuries and stand oil may have been used 
hy the Dutch pffinters. 
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( ('O;iiderable prog1'f~&8 has be(>D Iu.w.e in the application 
, i X-ray photography to the examination of pictures. 
\ phot.ographic film is placed beneath the picture, tht' 

.\ ,nr jg passed through, and a shadowgraph vbtn.inf>d. 
! iw 'reHtlts depend on tht' natUf(' of the pigment, tht' 

,1,,;<PIlN.;f\ of packing of the particles, the coarseness 
\, Ill] \\ hien they are ground, and the thickness of the 
I )\,(.1' of paint. Much valuable information if' obtained 
d' H' what lies l1nd~rneath the surface paint. 

CItra-violet light, is not of much valuf' in identifying 
inllnCl'RE'd in oil with tht> f'xcrpt,ion of zirlc 

which turru yellow, but it "wry often reveaL:. 
and (lverpainting, though it, is not infallible fOJ' 

pUl'pmw. 1)}lOtography by ult·ra-violpt light ha;;; 
!,Pdl !lllmen...,ely improved, and is more reliable than 
,·xamina.tion hy t.hf' eye, as selected Wave ·Iengths can [I" 
il.~('(l 

111 addition to the methodH describl"d, examinatioll 
1 tn'ough coloured ~creens, phutohlicrographs of brush~ 
l\url, and photographs taken In a slanting light afp 
,d ..... u:o.cd. Every picture pres~mts a new problem, 
1h,' Vllfious methods of examination af€' tiystematically 
,/ pp11l'd, and eaoh method iii needed tu accumulate data 
1\' hidl u,mally lead to a positive conclusion. The forgers 
"n' n·ry ingenious, and forgery and heavy repa,inting 
INn. been practised in the past and are practised to-dllY, 
I.ut t,}H' forger usually make::; a slip somewhere which 
;f·;~d~ 10 hifl det.ection. 

AftRr thanking Prof. Laurif' for his addresH Dr. 
llnnit·r-\ViUiams i,brew the mcpting open for di8CllS;.;jOYl, 

dlld ('ommented on the use of ultra-violet light. This 
",;to. the primary influence in the fading quality of 
"'Ulllight, a.nd he suggested it might, be necP.8sary to us(' 
it Wlt.h caution. 

Dr. 1. A. Jordall thanked Prof, Laurie for dealillg with 
thB mechanical side of his work. This was important, for 
lllost of the problems of preservation arose from the 
hu't that from the artist himself to the picture reHtorer 
the individuala concerned were interested ill the result, 
wd Dot the mechanism, It was however necessary to 
translaw such interesting work into terms the artist 
muld understand, and which would permit of more 
lasting pictures being painted. Much had been said of 
the help which science could give the artist, but it was 
no USe saying it unless scientists gave such help, as Prof. 
Laurie had done. Scientme work in picturCB had in the 
past been concerned too much with isolated facts; but 
paint should be regarded as a system and a very iiving 
thing, a.nd not a mere mixture of pigment and (Ij). 

Mr. Noel Heaton expressed his agreem~nt with Dr. 
fordan as rega.rds the necessity for the chemist to be of 
~eal help to the a.rtist by studying paint as a system 
n which there was mutual reaction between pigmeut and 
"hiele. The difficulty in the past had been lack of 
mderstanding and sympathy between the artist and the 
'hemis:t. He stressed the point that the real purpose of 
uch scientific examination of pictures was to assist 
he artist in his judgment, not to supplant him. Prof. 

... aurie had referred to orpiment as being an obsolete 
)igment, but tbe speaker thought it was still used 
o-day in the East in the preparation ofShellac. There 

Were n~lmy such. inst1LllCl>;o; d{ t hI> sun'l \'al of 11 pigment f(.r 
a part,wular purP.)RP, Ilnd thi,"1 ~ul-!:gel<tt'rl t.hat a cl'rt,a,itl 
am~unt of cnution waf; n('('Nlt·;ary in dt.'('idin~ the datt' of 
II plctur(' from iaf'ntitbltioll of tlw pi~l1It'ntR u!'If'd, In 
bis experif'ncf' it Wa.R not alwt\.ys Ell) t'aRY toO disting\li~h 
betWE'{,D tht, natural ultramarine pr\'pal'('d from lapis 
lazuJi and t,he Rrntht,tic pruduct <l~ Dr. I~a.llri(' had 
~uggf'Rt.('d, and he would raiSt' tht~ quei:>tiol1 RI'l t·t) lww far 
th€' artiRt 1"a,<\ jm1tified in thinkinp; thllt tIlt.' natural pro~ 
duct_ had_ qualitj('B, not P08l_.1(>s.<'lt'd hy t.ltt' syntlH·tic. Th(' 
det.aIls glwn a" to thl' appli('uti(ltl (If X~r~ys !llld fluflr­
I'scen('{' unQl'r ultra-yill}ct li~ht to th(' ('xftrnillH.tioll of 
pictnrt:·s were of ~rf'at intt'rl'8t, and hp W88 part.j{'ulnrly 
glad to nl)te t,he restraint with \\"hi('.h thp llUt.hot had put 
tbes(' lHl'thons forward. l'tU'lr appliellt.iou Witi' 8uhj('Ct, 
t.o gn'at limitations, and partit~ularly with 'lltl'tl-vil11E'1 
hght it, wa;.; eli Ui.(,1lIt. to intcrpTl't. t.hf> N·fmlt,;;l. obtainNl with 
a('curac~·. 

Mr. C. E_ t':Iagt' said that thp lai'itiug (putJit.it'i' nf ~nll)\, 
vi tbt, oJd natural colour,," of miJlf'l'al origin W('rt! tnr 
heyond an:ything produ(,f'd hy mquern IIwthuds, iUld 11,[5 

the rNtl tt'!-;t of such painter\: mat.erial,., was the f'fil:'ct 
produced by time, w(> should have to wait ttl .~1't' thl~ 
f'fleet. of London at.mo,<'phf'fP on :-101"(1(' of our modern 
art treasurps. The frescoe:-l executed l)\" eminput attist.H 
with modern [uate-rial" w(~r(> a1n:>IHlr V(>~V "ltd!", ttffecred 
Hnd the canvn~~l's ns(,d to-day n('('ded stwcia.L ¥mcans of 
preseryut,ion if they WNe to sur\'iw for the hf'ndit of 
posterity. 

Ur. }.rvillst{,in eonuuenkd on t.he hil:ltoI'J("al vnlu(' of 
the investigations of Pruf. Laurie Bhd otherl'l, and Maid 
thel'(, was ample evidence t,o :o.llow that t·he fijgyptjam 
mUi'\t han had, taking intu ac('onnt t.fH,jr faeiJitif>l), 
a rel-wareh organization of gn'at eftieipncy. 

Dr. O. E, Foxwell a!:!ked if Prof. Laurie thought that 
the pigm<'nts used for painting to~dar were inferi(lr aL'! 
regards brilliancy and durahility to the pigments of the 
pa."lt centuries? Frequently inHtances were known of a 
painting acknowledged to be a genuine mMterpiece and 
valued at thousa~ of pounds which was displaced from 
its position by the dii:!covery of another previously un­
known. Immediately the first picture dropped prod.igi~ 
ously in value. H~eing that the primary object of a paint­
ing Was to delight the eye and. the first picture Was ,fW 

good that it had passed the criticism of the experts, why 
. .,hould there be this fiuctuation in value '{ 

In replying to the discussion Prof. Laurie said that 
he had dealt with only oUe aspect of modern interest in 
preserving pictures. 1Vhy oJd picture.'! lasted lunger 
than the modern ones had been the subject of much 
research, an£}. he had therefore dealt with sorne aspects of 
the old artist's work. The rotting of the canVas of 
modern pictures was due not so much to the sulphur in 
the atmosphere as to the oxidation of lillBCed oil and the 
production of organic acids. He suggested that artists 
in the past had been frequently misled by the hurried 
conclusions of the chemists, an instance being their advice 
.gaiust the use of white lead. but which w .. in use 
hundreds of years ago with great SUccess. 'fhe methods 
of the old masters Were often sound and based on long 
expe:ience. 
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MANCHESTER SECTION 
'I'll' dJIIJUaJ IIl1'l'fi1Jj! I){ tb!, )fandu'l<t('f ;':pr·rl()/J 

fill April 7, ])1'. T. Callan l'residill).!. {)Il thp 
l>l"J"'-lliotl nf Hr. A. I-kh"dl,'r, H 11('art:r \-o1~' (,{ tlillllk-: 
,',1- .1'""1)1'11('<1 1)1'. (';dbn for hi .... !'I'n'j("(·""\ ;1'- chairman 
I,! I!II 

Tlw {,f1i("('I' ..... alld llH.!mlwl'!' (If (;UHllllitt"" 

\1\"1(' I,jf'ct(·d: Dr. A. i-;('li('dhor: ri("f'-
1"1/(/1')//11/11: 1)1' T ('allan; J/()/I, (/lirI 'l'r('lf-

MI'. A :\1('( 'ullfwll: lIolI. S('/"fi'/(/o/: 

.\11. JI. :--illil\\; jJl))/. A/ldltor: )11'. II. Browuill:.':: 
('o/rlllllllf(" Dr. ". If. Hrind!!'\" Ill' .1. COldthard 
,\11". T. llqnH'J". 1\11'. D. )1. Paul. ·..\Ii .. ,,, How'.. l\oLill .... ())I, 
\II'. F. ~kh()lpjipJd. IIIHl \11'. (' 11. Wliittahr. 

Tlw ..... uh:--"IJlIl'rll ['nll·l·t·dillgs touk tli,' form of d t( xfil" 
"~·II1I,o .... iUl)l. thl' ioliowill!! jllll)t)l"" Iwin).!, rf'ad Hnd di,,· 
('ll~~I,d: '·1'h(· ll1'h·(·tiotl (If OX\' Hnd lInll'u-C,·lln­
)11 .... ,·, .. h,' ]h, II. :\, Thow,(": .. irhp IlJfi'H,;[(,t' of Y<lt. 
Dw" (III' tIj(' l.!!.dll 'l'i']H!I'rini-! of (\·llul():·",_" f,,' _jolt'. (' M. 
\\"'liiltHk,,! ",'401lH' ()r)"(,l"\',diun~ on tlw (jul111titilli\,' 
!)~, ... wripti()ll of 1I1i' Dyi'illg 1'1'I1]1('I"1,li' .... of J>in'd ('n1t()11 
('()Jour~." by ,\Ir. ~. M. Ni'all': ,. 'I'll(' f:la~~ Eh'dn,dl' 
and it~ l\~: fill' thi' 1\1PotHlrl'IIlI'llt uf 1·111' fill of llY}lp­
,'hlnri1i' HII'Hell Liilwlr .... ·· hy ;\lr. (j. F. Da\"id~oll. 
and ., Tht' :\lJak~i~ ill' l\olixt!ll't'''' of Cotton ilnd Hl1\'Oll." 

l,y Dn-. IL P. H;dg-t· and K. TUJ"I\I'I". . 
. ft ) ... 11(IIU'il l11Ht :"Ollli' partinllar,,-, of l!Jo,-:t' l'api'l' ..... Ili,t 

.dl't':uly puhblll'd (d. ,J .~.(,_I.. pp. 7~t !j() T. ~Inl"('h :)1. 
1~);::3). t/i!!I,j)lI'r \lilll a n'port I)f tit" di .... I'u..;~jilll. \\·ill 
;1)'IH'Hl' ill il Illtl'r 1 ...... 1](' "j tlli ..... ,IOl;!t:\.\L. 

SOCIETY OF PUBUC ANALYSTS 
. \n ordinlll',' llli'l,ting (If tb(' ~o("i('lY \\'a~ lwld 111 1!Ji' 

I 'lii'lllli·:t! t-\/i('jl'l y'~ Itoolll'" Huditl!!lon Ili'lls:.e. iln 

\\'i·dn('~day .. \prii fl, th,' pr('i'i(i('nt, )h.'V. \r.1". Arnaud, 
hl'in)!, in tl)(' I'hair. 

Cl'rti!i("H1t'~ wpr() n~lId in 1"uvour of (~. Y. HulL U. 
Ho1bllld, H. :-:. Howl' . ..;. F. W. 1\1. ,I <Iff':;, and 31. McF, 
1.0\"1' 

Tbt' follo\\ing \n'!'!' f'loeted l1wmll('r~ of t he ~O('ji't\' : 

\~. F. ('alt',\'. \V: H. J)ra('a~_"'. and r. Y.:s. lyf'f. . 

Tilt' foll(lwing 1'IIjll'I·." wpre )'(',l(l :.Iud dl.'-1cllI,;,..;ed ; 

.. .:\"otel:! P11 1/11' Iron [uld Copp{>r ill Liwf iLlHt Lin:r 
ExtnH'1. ...... ' IJ_\" H. (;. Rei':-;. A summary wa..., giwl) 
.J! tht' am,lIlllt" uf iron an (1 copper pn,yiollt-'l.\" fl'('orded 
ior tilt' lin'r:-- ,IIH1 linT ('xtrat't~ of Ya.ri(lll.'i animal~, and 
II \\<t:- ~h('\\,ll Illat tlH','-1(' lIletali' had het'n Y('rv inl'om­
I'll't('ly t'xtral'1ed in tl!!' aqucou::: f'XI1'act:-;.· In tIlt' 
'!Uthol"·~ eXjlt'rilllent ... the proportion of iron wat' FnBH'­

what hi.!.!ht'!", whibt thp cnppl'1' wa..., \"1'1')' much lower 
lltnn11lt, by .\lPyer anrl Eg~('rr. The ~i1!nifi(,:llH:(' 
uf the,,:e ill thp theJ'a}lPuti(' <wtillll uf lin)!' 
('xrmel Wl\~ di,'wus~ed. 

, Ddl'l"lllinati(lll of tlH' "Fn'l'zing-l\linr of ~lilk," In' 
Pr. (;. \Y. 31(lnit'1'-'rillinm~. The Yuriout; errOT:" t;) 
which tht' nW<li'Ul'('!llt'nt of the freezing-point of milk 
or llf allY ,ltlUl'llU": ~ulutl011 ,\"a" liahle WNP dt'Rcrih('d. 
TIll' rlin·I.' main fador:-; infllh~n(.'ing th(~ dt'lf'.rminatiull 
\\{'n': (i) :-mpf'ft'ooling; (ii) tht,. water-value of th" 
i'ilfltllin('r, tlH'l'mOmetl'f. hulb, and stirrer: and liii) 
lite hea1-exehangp with tht' ~llrrounding medium, and 
rJlt' ;HJthor di:::cu~~ed tlH' natnl't' and lll.agnitudt> of the 

Aprlfl-4, !') , 

Tf'.'lpecti\-c ('oJTection~ which must be applied to fl.'l(,,,r. 

tain tbf' true frpezing~point. "'''ith the new tyPt' ,< 
:tpparatw-; dC\'ised by t.he. author the supercoolill_ 
('()rrf'ctiou could he determined with a fair degree o' 

llr·curac~·. the final temperature remained constant l(,T' 
seyeml minutes, and excellent. heat-insulation 
sceuretl Lr the caRing of compressed cork. 

CORRESPONDENCE 
THE DISSOCIATION CONSTANTS OF ACIDS 

f-iIH,--~h rOOlmunicat,ion to the Chemical Sociel \ 
di,,('ussiun 'on March 2 was certainly not int.ended t;, 
kuggc~t in advanci' that Mr. -"rynnc-Jones's c-OUelUSiOfi'­
woulll 1)(' vitiated l)y the f'peeial consideratioIlB in.volwd 
m the interprptation of the diSRociation constants (if 
O-.Il.UbRt.itu1ed llf'idK, as he reads it in his letter in your 
h.~.lH' of )Iarch ~4 (1" 273), His work on the influen('i' 
of solvents:. on dis,'lOciation eonstanbi should provid ... 
tiH'OI'ctical organiC' chemists with a sounder conceptioll 
awl more \'ahwhl(' data than the simple values of disso('iH­
tion eOlltltant:-; in walPr \v!ticl! thew haye been ab1€' 10 

l"P1ate to one another in tf'"I'Ills of st~uctural and val('}lf'y 
('omidemtions in suitablv relat('d molecular 8tructure~. 

The ,"vay the Rtmcturai and valency effect:"l apparentl.1 
{'merge in these cases must be something- of a coincidem'I·. 
with a phenomenon in whieh the soh'eut may in,fiuenct' 
((1) the direct int.ernetion bptween the substituent and 
the acidic group in Ow molecule and in the ion (compart> 
Burkhardt and Coda'r. Hpcf'uil tmy. ('him., 1931, 50, 
1439), (b) the llHsociation of the acid, and (c) the degn't' 
,md heat of 1'lOlyation of the. mo1eeule and ion, But 
IweuuRc thp effect of a substituent on the dissociatiun 
("onHtant of an acid. into which it is introduced, show ... 
"uel! definite paral1l'li:'Hn to tht' f'fleet. of the sall\(' 
RuhRtituent on other phenomena, it. has appeared very 
rf'asonabh' to conclude that these effects must be int.er­
pret-able in terms of structural and valency consider­
at.jons, as Dr. FhJrseheim first. pointed out (J .C.S., 1909). 
So when Mr. Wynne-Jones drew attention to the danger;>. 
inherent in such interpretatiollil and quoted o-nitro­
benzoic and 3: 5-nitroLenzoic acidH as examples, it waf­
necessury to point out that in considering how his work 
affects these conelu...,iotlt< it will be important to discus..., 
o-substituted acids Heraratel.y and to consider in 
particular more significani, if less st.riking, exaIDple~ 
than the one he quoted: e,g., m-nit.robenzoic acid it> 
'weakf'r than the p-isomerjd(' in water, and alt.hough 
th(' difference is relatiyely trivial, this relationship J~ 
maiuttiined in ethyl alcohol and is in accord with other 
effects of the nit.ro group in similar structures. TIl(' 
yalues which he quotes in ]lLs Jetter suggest that. the 
field effect of a substituent m- or p- to an acidic grouIJ 
is acting more powerfully in the solvents of lower 
dielectric constant t,han in water (d. Ingold, Solvay 
Reports, 1931, 49.3). 

I am. Sir, etc., 
Manchester G. N. BURKHARDT 

Apr. 10, 1933 

1 ,2.DlME.lI1YlPIIENANTHRENE 
SIR,-During the Chemic.al Society discussion on 

cestrm, >.t:oport.ed in the issue of CHEM.ISTRY AND Iht'"Dv8TR'l 
of March 31, 1933, Butenandt announced .he synthesif, 
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1 : 1~dinwthylphenallthrelle, which proYt.'ti to hi:' 
,"nti('ai with the hydrocarbon obtained from cp:"(trin 
:1,1 wtfohiiianic aeid. 

We han het>n engaged in the preparation of phell­
'lThrt,tH' IwmoJogues, and the synthesis of a numbt'r of 

w C1C,HU hydrocarbons, including l-ethyl, 1: 2-, 
J, 1: 8. :2.: 3, 2: 5, 3: 4, and 4,: 9-dinwthylphen-

.'It!il'.'lV' han been completed, whilst other::; are in 
Our synthetical 1: 2-dimethylphenanthrene 

at 142-30, and its picrate, styphnatl', tluinone. 
,1,,1 qllinoxaliue melt at 154°, 153", 214(, unci 144-L 
'-l't,(:tin~ly. Butenandt gives 140° autl 14Bo for tilt, 
,lfl,c;lrbon awt picrate, 

"~e are, Sir, etc., 

inw4rc'1l.u Collegf', 
~t'w{·<l"t.le-upon-Tyn0 

Apr. 5. H133 

R. D. HAWORTH 

C. R. l_\IlAnx 

MOTOR SPIRIT FROM SCOTTISH SHALE 
"!I:. W(' ol;<:crve in the leading article in yom 
.('JL\ • .\L (If Marl'll 31 that you refer to benzoJe as bein;,! 

only native motor spirit." We would how(,Yf'r. 
V(lUT attention to the Scottish shale-oil indmdn·. 

,'iil"ll'wa:=; c!'tablish('d about 1850 a.nd has been a rf'gul~1' 
:'; ,dlH'PT of motor spirit since the intemal·(,olJ\IJfl~ti()n 
"'I:'.:l!lt' '\(t~ invented, 

/'}w prodHction of motor spirit from Scotch ,.,htde, 
',I lid\' nut t'<u large as that of benzole, is hardly negligihle, 

1")11 j" i':~timated. t.hat thiR year it will exceed 15,O(JO,OOO 
-"01;)"'l". We feeL sure that you would not wi~h to 

a Vroduetion of this order out of account \v hen 
","'llkriu).{ 11\ <lilll,ble supplies of" native motor spirit.·· 

,\Ve are, Sir- etc., 
For SCOTTISH OU.R, LTD .. 

(;!H<;gow R. ¥i. MElKLE, Secretary 
Apr. 6, 1933 

BRITISH PHARMACOP!EIA IN AUSTRALIA 
"':!f{, -l\lay I be a,llowed some comment on tIi", last 
\\ ... entf'nc~~~ of your editorial headed" British Pharma­

,,'pcpia in AUHtralia." in your issue of March 17 ? 
Whatever may be the mE'rit~ or demf'l'it.,,! of the new 
B.P." it i,.., certainly" URed in places far oycrseas."_ 

\ Ity British t<ubject carrying on businesf' in any Treaty 
T' 'n of China does so under the domestie law of Great 
!htaill, so that if he be a pharmacist the 'RP," 
~ 'l',l1lS aH much to him in Tientsin as it would in IJondon, 

" B.P." has the Ham(' authority in 8rown Colonies 
in Great Britain. It furni8he~ the fo:.tandard for 

ill somp Dominions, if not in all. 
Canada the official importance of the "B.P." 

twofold. Its standards of purity and strength arC' 
forced by the sY13tem of inspection centering in tIlt' 

I' .,)d and Drugs La.boratory of the Department of 
ii'alth. Quite independently of. this, its provisions 
I "'e a fiBcal bearing. Many imported materials receive 
Tariff rating which depends on their conforming to 

>lTent "B.P.'· ~tandardl:'. Certain concessions, reduc~ 
1! ExciRe Duty OIl alcohol, are made to cheapen B.P. 
;opal'ation~. The provisiolls governing these are liable 
. {'hange in accordance with changeii in the B.P. 
rmuJa.', and hare, in fact, been changed 011 that account 

within tht~ lilt-t, ft'\\' mont.h1'\. :-;uc!t qUl'~tiuns eunlt' llu<i('t 
the ('ont,rol of the DepartllH'lIt (If Xatlllllal Hf>\'euut". 
whicll draw~ its wchnicltl infonnati!!11 OIl anything of a 
dwmi('!tl nature from t,lI.· l'u~t()IIl~-Exl'i . .,1' LahtlratorY. 

Changes in official regulations Ii,HI to lw llUHit' m;d 
advice OIl these chnngt'J:l Imd t,() Ut' gin'lI. whill' we we~~ 
all provided with no bl't,t,er than ~t'('ond·hfmd infornm­
tioll as to tIle Itt'w pro\'i"ion~ of the" B.P," which 
were to be met. This waF not at all a ('umfol't,ahl{' stat~ 
of affairs, th(lUf,!h all il1('ollwnielH'p mil_!ht haw ht'ell 
a,oided by II little mOfl' hrl'adth of yi,;iotl on til(' part 
,If those n'~poIlsihl(' for i~:-;uillg tIlt' .. B.l'."' 

The fad if' that thi" book b"('an\!" \'('l\r~ ago, a doell­
ml'ut of world-wide importalH'l' aJld "ite; puh!i('atl!)ll i-; 
still handled ill It llllrl'ly mUIli('ipill '<;l'irit. 

Ottawa 

I am, Ril', pk., 

ALFRED TIXOLE, 

('hit'f. ('U,<itoms· ~:x('i~\' ('hpminll 1,aJ)oJ'alI)1')-" 

)JHI'. ~\j. 19:13 

PERSONAL AND OTHER ITEMS 
''''e regret to l1nnoun('t.~ the dputh on Mardi 21 of 

Mr. 'Walter C, Reid who waR an original IIIt'milt'!' of 
the Newcast Ie Chemical SO('iely found(,d in ll'\~)H, of whidt 
hn waf' l:wcretary from 1~7H t.~) 18MIJ aud HcrV!'d on the 
committee when that body merged in 1H~'m into the 
nt'lvly-founded Soclet\' ()( UJlemjenl Inciu.strr. Aftf'f 
training under John P~.t,tInRon, Newcastle Cit.y· AnalyHt, 
Mr. Reid in 1867 joined the Blaydon Ch('mi{'aJ 'Vork", 
now known as the Blaydon Manure & Alb!i ('0. (It-177), 
Ltd,. of which he r<'ntuined a director until re~'erl.f 
years. Amongst llis many c1wmi('al and Ininmg intl'l'elltfl, 
he took an a('tin~ part in. the de.\"elopment of the h'r~ 
tilizer industry and in 1876 contributed 11 paper to the 
transactiollS uf the Newca8tl~ Gh('mical Hoeiety entitled 
":Mineral Phosphates and Superphosphute of Lime." 
)lr. R('id was 86 Yf'.ars of age. 

We regret to announce the death on April 3 of Mr, 
James Wood, a member of the Society siIlce 1918. Mr. 
Wood was a graduate of Aberdeen University and wa~ 
at one time assistant to the Lancashire County Analyst 
at LiverpooL He joined the research department of 
the Co-operative Wholesale Society in 1917, and at the 
time of his death was in charge of alJ the jmportant work 
on foodstuffs supplied by the C.\V.S. He was the vice­
chairman of the Northern Section of the Society of PuLlic 
Analysts. 

The Mini.ter of Health h" appointed Mr. J. S. 
Carter, M,Sc., Ph.D .• F.I.C., to be an Inspector under 
the Alkali etc. Works Regulations Act, 1906. He has 
been 8.BBigned to the district with headquarters ill 
London. 

We regret to announce the death on March In at 
his home in St. Louis, U.S,A., of Mr. John Francis 
Queeny, .a. well-known figure in American chemical 
circles, hiB connexion with the industry covering a. periud 
of over 60 years. Mr. Queeny, who was seventy-fou.r 
years of age. founded the Monsanto Chemical Uo., St. 
Louis, over 30 years ago and by his courage and industry 
lived ~ see it grow to its present importance, operating 
7 plants in America and 2 in England. A dominating 
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, .. ·r . ..,o!wJity, tn_ls ... ,,<, ... iI1U an unflagging kpir!t alld u 
W(/t!f'(·~',i',/(' policy, In.: {'IlTf'(!r ,showed e"JdelJCP of 
tb',I!j!litilil phllwinj! ilnd careful prcpllration fit (·very 
"tag" It. Wa" oniy two :vear~ ago that Mr. Queeny 
r'1,tll"!·d from actl\"r' control of his Vf.l.8t int{~re~tH, after 
"p',]Hllllj! !-1f)JlH' 1 irnl·. in th(~ Ruccf'l-1sful df've}opment of 
t fH' )lon::oanto Uroup HJ this country. He wa..'l Ii IrWmiJef 
"j fh(, ~()uipty f"r Iwari), thirty Y(,IIl"S. 

Che,mical Society: Announceltlent$ 
It wa" arUHlunr,pd on AJlril i; dUll Ilw ll('X( nl{'('tmg 

oj I he: It,\ . ..,.'arch Fund COJltInit h'c will be lipId in ll('('('lll­

IWI, I~l?):~: n() gral~l:-; will ill futurt~ be a!lottf'd itt JlltH'. 
i\ fIl(l('tiuU oJ th(! ~wj('ly jointly with the L-:-nin!I""lI,V 

('()ll"gl', Bangor, ('hl'mieal Society will b{' hej,} in tbf' 
(~h(,JfliHtrv j,('('ture '1'lwatre, ",If'Jllorial H(']('lH'f' Bui!d­
m,tU" Bill~gOr. on :\1;1."" r, !it ;'"1.];) p.m. ".dH~.n Jlrof. ('. ,'-!. 
(;ib"oTl, F.R~" \\il! d{'li\,(\r it It'etun' 1'lltith'd "Tilt' 
j'JlI'tHi~lrr uf go/(I.·· 

.\1 til(: im·italion·()f lhe ('ltcmi('al DppartnH'llt uf tilf' 
l'll\\'Pt'Kily (If I,t,t~d", th{' NII{'lnty hl\~ aJ'1'~tnMNI a di,,­
('{{.'_.o..;/on OIl :-Iu/Jstitul1011 in Hl'omati{' sn;tl'l1I,1;, ,. which 
\\111 tilh pi:l('(' at Leeds on },'ridny, )ott;· ]2,.4 --G p.!~L 
/iwt 1" In jllll. PTOf. n. 'J' Morgan (Pl't':>ltlf'ut) wdl 
pn'>lidl'. Llnd Prof. It Bn},jm'oll, jlrof. C. K. Ingold, 
Pl'of. (1 .\1. i:1'lltH'tt, :lull other," will wk., pr1fl 

Chemical Society: Hugo Muller Lecture 
'I'l!(' Hlxt h HUf!o Mulll'!' lecture, mInt 11.'(1 .. t'henHstl'.r 

,tl t.he ('ro,l;t' ROIHtt-.," will 1)(, deliyert'd hv Prof. H. E. 
Arlll~tJ'()Il~, F.H.~., in I he meeting hall of t'he lll~titutioll 
pI )l('c]wllit'!1J EnuilH'('fS, S.W.1, OIl Th!Jrsdil~', .\-lay 1,1), 
:tt f).:;Op.ltl 

Chemical Society: library 
'I'll!' rl'1t:plwIl(, Ilumlwr of (/J(' Libwry j" Rei-!:('llt l,'H:Z, 

and! bi:-l llumll(,:f should hr ns('d for all inquirit's rdat ing 
t(1 thl' Libran·. 

Boob lWl): }lnW 1)(' .is~U1~d in l'f'spOD1:le 1 {) a telt'pholl('d 
n'(l\H"~\ t.nlln .\ 1{{'\luw lInLjl.".(,\ t.O f'u"\x"c(lul'nt confirma­
tion ill vnitill)!; and to t bo p~1rcel being postN{ to un 
lludn's1'l n'gl~tI>r('d with the SO(·jet.y. 

Royal T ecbnical College, GI •• gow 
TLp Jourll/Il of the R(,yal Teehlllt:»l Collegt' for 

January t,his year contains some paper.,> of interest tu 
ebemistfl: ntH' on the " Hadioactivity of 'VeIl ·Wat.prt' 
from DumfripR " frr Prof. Muir, one oil .• Derivat.ivt'~ of 
d-Nor-tP-f'phedrinf"" by 1\:ljRs .T. l\.L St.ra.tt.on and Prof. 
Wilson, tlUe on th(' ., InternctioJl of Acetont'pht'Il)'I­
hydrazolw and Phenylisneyunatt> J' h!r Prof. Wil~OllJ 
W. A. Caldwell, J. Chapman, and H. W. Goodwin, One 
011 the" Napht.hidin(' BasI's" by \V. M. Cumming and 
G. Howie, on(> on th(' "Theory of DouhIe SaJts" by 
Prof. Ca.Vt'll, OUI' on .. Theoretical Decay Curves of 
Radium-R" by J. A. Cralli\wn and C. Benson, one on 
the ,. Adsorpt.i~n of Radium-Hand Radium C on Nickel .' 
by J. A. CranRton and ('. Bf"lliJon, one (lU the 
"Corrosion of lA'ad," by A. H. Loveles~, T. A. S. 
Da.vie. and \V. Wright, and one on the "Syst~m 
C,H, + H20"" C,H,OH" by A. H. Loveless and W. 
Wright. 

British. Buyte& Tude 
Barytes is ust'd in this country for e. number of indus­

trilll purposes, notably IHI a hase for paints, as a U filler" 

in the rub/)er industry, (lS an ingredient in ~lectric-caLJjf' 
jJ):.'~lJlati(JJ). and for" wfighting" textile~ and leather. 
Until rp{,t·1Jtlv the bulk of the requirements wet,' 
imporH'tl frot;l the Continent, the Itnnual value of tJil' 

import'! hrmg a!)out £200,000. It iR of interest t.o not· 
thf'T!'{of(· that a company which operat.eR the ArIal: 
barrt(',., mine," iu Scotland has re-centlv iU8talled plam 
f'ap~thle of dealing with 20,000 tons ~f the mineral ;, 
war, or mor(' than half of the amount. normally imported 
~rhp harvte~ i~ taken to Glasgow, where it i~ crushed. 
and the' owners of Briti"h coast.al shipping aYe givill).' 
,,}wcird f:lciJ.i1 ies in order that th~ industry shall hecoml' 
wpll esta.Lh~hed. The barytes 11" ('lailllf>d to hf' of " .... 
good quality tl" any ill Europe. 
A New Agricultural Award 

1'ht' Counci! of the Royal Agricultuml dociet.y ha .... 
{keiliNl t~) inRt.itute a gold medal to ht' <-I.warded annually 
I~idlf'r for 1'(l1lJ(' uutstandinf!: piece of work of oetwfit to 
agfl('uitllre or to X()IlWOne who shall have o1tailH'(1 
pn'-('Jfiloenee III thf' llractice or .'lcienc(' of farmin~. 
Institute of Fuel 

Following the annual general lHf'('ting of the In:'ltitutl' 
of l"Ut'l on V{~dnet<da'YI April 26, a meeting ()f the 
In.'ititut(' will b{' held at 6 o'clock at Burlington Hou~('. 
Picoa,diUy. Whf'll a paper will Le p:relo:cllted hy Dr. In):!. 
H. 1'riniuCl on .. Economic Regenerat.or}; for 0P"ll' 
Hf'arth ~'llrna,c('~." A paper will also be read 11." 
Mr. H. Southern entitled "Calculatiolls of Opf'lI­
Hrarth Regenerator."." Further IDf'etingl'l of t.hl' 1ml i· 
tute include one on May 10, at Burhn)!ton Hou,,,f.', wbl'n 
a papf'r will b(, pl'e::lented by Dr. V. H. Legg t'utitlf'd 
.. :-\'ir-Uas Flow in Open-Hearth Furnaces," /-j,t 6 p.Ill, 
On :\1t1 r 22, at tilt, In;:.titution of )feehaJJical Engine(·n.. 
Btoft'y'~ Uate. S."\V.l, the Societe des Iugimieurs Civib dt, 
:Franrf', has invjt,eu the members of the Institute of }'U("j 
to join them at a mel:'ting of their members l which wlll 
be held at 6 p,m., when a paper will be present.ed ~Iy 
Dr. G. 'E. K. mythe entitled. "Pulverize<\ Fuel and ,(, 
many Industrial Applicatioru;," 
Solid CO, from Natural Gas 

Spveral gas well::; in the Unit('d State,; .yield a gas of 
high rarbon-dioxide content, and some of ~hese well:, 
are now being utilized for the produetion of "dry ice .. 
or solid CO2 , The fuel ingredients of the natural ga::, 
provide the necessary powt'r for t.he purification ant! 
.solidification of the CO2, The Carbon Dioxide L\. 

Chemical Co. of Seattle has operated an experilnental 
plant for se\TeraI :,>"ears, and this is now in commercia! 
ope-ration with a production of 2 tons solid CO2 pCI' 

day. 
Sterilization of Water 

It ic: l'f'portrd t.hat t.hp ::\Ietropo1itan Water Board 
inh'uds to experiment) on a large scale with the 8terili<,;, 
at,ion of I .. ondon's water supply by ozone. In 1931 a 
small testing plant was installed at the Barn Elm WorkE, 
and the results have been so satisfactory as to warrant 
a trial on a larger 8cale~ and the Works and Storb 
Comrmtt(>{' of thl! Boar<l has now be('n instructed to ' 
prepare a scheme for the installation at its Ho~:' 
works of an ozonization pJant capable of treat~g 

"lO,OOO.flOO to 15,000,000 gal. per day. Cost of ozornz· 
ation is in the region of £1 per 1,000,000 gal., ;\1"0 agalDfiT 
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·11,· probable f08t of 28. 6d. of pre-ammoniat.ion and 
"!Ilorination, hut the cost of water purification representf'. 

l,jy a ::.mall pereenta,e;e of the total running costs. of It 

"',Itt'! lIndf'rtaking. 'Whilst thr ozonization' pr(lce~;:; is 
',dd TU P{/'~""" dt·(,ided advantage-8, rendering thf> water 
'I \Ife palatable and attractive in appearanc(>, 

International Society of Leather Trade Cl.emius 
1'h(' papers r~ad at the Conference on the subject. 

,.f "Pr0t.ein Swelling and Allied Phenomena," held at 
. ill' Lrat,herxdJen,' Hall, London, E.C.2, in Decemher last, 
"ft' brillg reprinted in book form, including the jht,roduc­
tdl'V address by Prof. F. G. Donnan, F.R.S. The hook 
t- i'lf al)()ut. 124 pages, and copies will be obtainable 
"!\\lrtly from thE' offices of the I.S.L.T.e., at 17, Market 
;-;tf!,d. London, S.E.1, price 5s. 6d. POf.:.t free. 

Production of Coal and Mineral Oil in Japan in 1932 
'{ con]jng to the Journal cf flu: Fuel Sooiety (/ JOptlll 
Fd,rnary, 11)33, the Department of COmmNl'f' and 

f'"timat(>," the total output of coal in 1932 at 
ton;, that i;;, 580,391 tom; in e};:ce~R of that 

ii" ntH. TIlt' total vrQduction of mineral oil in 1932 
'I'A\ hiding Taiwan anl1 Karafuto) wa~ 2,499,Ofi4- hccto-

Production of Ammonium Sulphate in Japan in 1932 
Til,· JJl'uduetiol1 of synthetic ammonium sulphate in 

I.:I"Ul In the real' 1932 is reported to have reached an 
dllllUJl1 uf 732,000 tom, which i:-; 107.000 tons ruore than 
','1 1~131. i.e. 625,000 tom. . 

lli iHlditioll, about 50,000 tons of by-product ammOIl­
'IH\ -..n!phate werf' produced, con:-;equently the total 
",JlJul'tion 18 c:-;timated at 782,000 ton~. and thu,,,;;; a 
JlI,itir})] of ):,elf-:-;upporting in Japan j" almost attdiued. 
I Fl\i-! Bot. Japan, Ft'h ... 1933). 

Uch Oil Find in Albania 
'i'1w· Chemiselie Fabrik (Mar. 22, 1933) reports a 

l(·h oil find in the Italian concession in Albania. The 
",Iilahlf' quantity i::; estimat(ld to be sufficient to meet 
-"lian requirements. A pipe line is planned from the 

w field to Yalona. 

)$es of Fluoramide 
Work b:-' O. T. Krefft has shown ftuoramiue SH2F to 

, a useful rragent for introducing an amino group into" 
,mpounds. Pasl'{ed into 2.0% ammonia solution COll~ 
·ming glue, it is Raid to give a 65% yield of hydra­
m:'., Anihne forms phenylhydrazine and phenol gives 
,mnllophenol. Fluol'amide is readily prepared by the 
!'('trol:.n;is of acid a.mmonium fluoride, XH"F·HF. 

'oduction fJf Ammonia in Finland 
A plant is projected for the production of. ammonia 
Finland. The capacity is to be 3000--4000 m(·tric 

ns of nitrogen, which would satisfy the country's 
'('sent import rf'quirementR. Electrical POWe-f is avaj}­
)le from the lmatra falls. 

an.formation. of Felspar iDtG KaoIiD 
The artificial transformation of felspal' int.o kaolin 
."- been reported by R. Schwarz (Naturwiss., 1933, 
2). The feIspar is treated with dilute mineral acids 
/2-NBCl or Hi304) in a pressure bomb at 300° 
,. 2"0 bor c -. 

COMPANY NEWS 
TIlE BRmSH DRUG HOUSES. LTD. 

A substantial increa."t:' in profit"" has been anuOlID('ed 
by The British Drug HOUBes, I..td .. the London manufac­
turers of fine chemicals and I,harma('cutioals) the trading 
prolit for 1932 being £60,303, as compared with £23,92.2 
in 1931. With £17,324 plaC<>d to depreciation. and 
£IO,2!9 brought in, then; is a dil'posablc pront of £5.3,251. 
Of this amount £20.000" absorbed by. dividend of 5% 
on the o~nary share8, £12,100 by prrfE'rence dividend, 
£10,000 If'. placed to r('8crVe, and £11,157 is to be carried 
forward. 

BOIL\X CONSOLIDATED 
The directors decjded on April (i to })OstpoIW con~ 

sideration of payment of dividend on tht., preferred 
ordinary shares until the accounts are available for the 
full financial year which ends on SeptRm bN 30. No 
ruvidend on these sharf'S Wat; paid for the year 19.'31--..32. 

TARMAC, LTD, 

The- }lfofit of tlw company for l\13:! was £77.131, 
w}deh with £~!1.l2fi brought in. gu\,(' a di"posabl,· balan<:e 
of £103,258. Ordinary dl\·id('ll.d is }Ill/ I('sf< than la,'1t 
year at 5~o' At tIlP I1W(·ting of the company on 
)1arch 30.it \\%":1 stated that durin,!! tJu: yeM itJwd }J"('D 
decidt-d to build a hrw plant at )Iafcl;, in th(~ Isle of 
Eh~, and another at Etting'!--haU for the manufacture 
0(" Se,ttite." This product prO\'idt,J a smooth. hard, 
nOll~skid :::inrfaef'. and murh would tw heard ahout it 
in thp {utUf('. J~l 1932 the :::.ah·:-, of .. St"t.tite ,. WE'rr four 
times largeT than tho~e uf H)::H. TIll' company Wt'fe 
now <J,ble to guarantN' tlw t the lllatt'rlnl would rrmain 
in a firm and hard. condition fOJ' at If>a~t. thrN' Vt-':.lff'l 

without further treatment. " 

BRITISH THOMSON-1I0USTON CO. 
The profit of the company fo)' 1!}32 was £392,015, a!; 

against £450,047 in the previous year. Dividend on the 
ordinary Rhares is at the rate of 4f1,~, a reduction of 1 % 
compared with 1931, and £227,795 II" carried forward, 
an aDlount substantiallv the Aam(' as last vear. At the 
meeting of the shareholders on March 27 th<t chairman. 
Mr. W. C. Lusk, referred to a number of important 
contractR fulfilled during the year, amongst, which a 
notable achievement waf! the maDufadure at the Rugby 
works of the largest steel-rolling equipment yet built 
in thiA country. This was a sYllcnroIlous hlOtor having 
a maximum H.P. rating of 19,000 and weighing 160 
tons. The equipment was built for the Tata Iron &, 
Steel Co. of India, and was compl(,t(~d and tested within 
seven ~eeks from receipt of t he contract. 

U.S. STEEL CORPORATION 

The report. of the Corporation shows gross receipts 
during 1932 of $357,201,705, which was slightly Ie"" 
than 80% of the receipts for 1931. The output of 
finished steel products of the ~ubsidiarie!' of the Corpor­
ation was the lowest sinc-e 1901. only 18· 3~~ of the 
fin;'h~d product capacity being utilized, 
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MARKET REPORT 
Thl~ 'talk(.tRt'port iii <,ompiied from ~pe('jal information 

1' Pcpjw'd froJll till' m:tnufa(>tlln~r.~ ('Otl/'('rll('d 

(/",,.1, Of}jHII'iU ,tllt,.d, Ule priul; 
1'111 '1ulmtltir$ nrt fllld nohI'd 

Tlw f[)[{owing It/lj'rnt iol}'" in 1'1 i("'" arlo 
pul.]i("I,tion of til\' III sf !\Tad,:cj gl"JI(lrt 
:\pld 7. IH:l:;' p. :111). 

RUBBER CHEMICALS 
1,11 1)(1/11)111'. a{l",. -tl';' l()-. (:/k }II'/" lOll 

.... 1111,)/)1'·. til l,j~. )1('1' tUIi. "lIl/dlll! Pn'/'II' H.I'.~-
{'.j:,·,-.!:iiO PI'1' toll. F-ulpbn1' l'j'('('ip. ('OHlHl. - £!JO­
i;:).j p(,I' tall. 

XIlIO' . ...:ulpllidl'. I~.-·-l~ 'I,L 1'('1' Ill .. :lre-ill'lll":: r~1 

qmdity. 

PHARMACEUTICAL AND PHOTOGRAPHIC MATERIALS 
,\('\(1. '/':0'1:11';('. -10.\d. PPI' lh. IA'~" .j(~, 

'INTERMEDIATES 
Ikms Inark.,r{ thu", * did IHl~'er'" works. 

PH ld"I't(llilill(' :!~ :ld. 1"'(' 11,. 
l)I!llll'l)IH·n7.~'I\I·. -kll. lwr 1],. 

j)JIII(I"If!\l1l'II{' .:8 '."i0' C.- Rd. pl'l ]I,. (Jt, (\...:.' ( ..... ·;d 
!IN lh. 

¥,,~.,,\ill'dlli)ilH·, , .... pn/. J-: ,"-II :?~ ld. P(') )1, 

1,,~X.r1idH1(' :H'dllk. :h. (ld. I'pr J)" ) OW" , 

GENERAL NOTES 
Official T radrp lntelligem::e 

Tilt, I Ipp.lrtlll('nt of ()y('r:4l'a~ Tnuk (l kn'loplll('lll and 
Tnl\·lli!!i'w·{'). :~:). OJd (J1l1'Pll ,str('pL towlllll, 8."~.1. Jj,{~ 
f(·('{'i\"(~d I hI' foU(.\\ lll_!.! inquirif'f-, for Britic;ll .!.!Ood:<.. 
J{riti..,ll firm:, Til/I_\' (oI,talll flJl'lhpY' information II,\' apIlly­

ill/-'. to llti' Ikpal'111li'111 (Iud '~Tatillg tlw 1'pflcific nUll1hN. 
.1"s/rolIEI· Hoiler pI/lIlt (U. 1:!t2G): Ktpam tur);o­
;lirPfllldoj' .';pl (;\.3:.. ll7ti:!). Belql/lm: BitUllll'll lind 
till' for 101Id,.; (;)O:~): <'astor. grou·ndllut. and oliy(' llil~ 
r)ll·I). ('((JIm/a: ('III'mil'/d.; ant! drng:--. :=:oap (J\Jf\). 

Chemical Works Explosion 
Mf'i'lsr>l. \\T . . J. HU.'lh & ('0 .. Ltd. inform U1' that the 

r('cent, ('XpiO)l.IOII at tlwlr Mit.cham factory will only 
intl'rIprp 'with II i'('('tioll (If t.heir husiness and that 
IlTnW,!,l'('lllent,s 1m\'!' !drf'Hd .. lipf'Jl llH'tdf' for thp continua­
t,ltHl of tlH' slll'pli('t: repn:'i"-~Ilt~'(l h:v this Hection .. At, the 
:'ianw time thE' company WIsh t.o express tht-'Ir deep 
appr('ciation of the many mf'ssages of sympathy that 
lUl\'1' hpt'll r(\ct~i n,d from varions sourceR. 

Briti.b Aluminium Co .• Ltd. 
TIll' Bntish .\iUllliuilllll ('II .. Ltd., Aih~lllid(' Hou:-e, 

Kill!.!. \\"il!iam ~tl'(:>-I't. Lt'IHlol\, ·KC.·i, 11 <\S removcd from 
it-; Bmnin!!lwlll Oll"lc(' and \\r;lrt,hous;>, at :!I. Ral'wick 
:--tn'('t tp Lll\\,}('\' :lnd Landor Rtreet;.:, Tht, Ht'W 

tf'JI~p1J{/Il{, lJUm}JpI'·J . .; .:\...;tOll em.""; 5."1t}i)-t). 

Metal Spraying 
Mf'tallizRtinll, or nwtal .'lpra:vinll, i!:' the proCE>8S by 

\vhieh any met.al or alloy capable of being drawn into 
win', and of heing mehcd in any oxywcoal gal'l, QXy­

b.5'dm~en, or (IXrac<"t:rJ{>lW ft't.me, is deposited by means 
of a Rpccia 1 pistol on Jnt>tal, woo£l, fabric, or a.ny other 
f<urIa('e. It provides an economic means of the preven­
tion of cnrrOl'linll d\H' in atmo::<..phf're, moisture, heat., aud 
(,tht'r ('au~ef;, <lnd ha" wioe df'coratin' applica.tions. 

The equipment with which the process is operated . 
explained in detail in an excellent booklet recent; 
~ublish.d by the Briti,h ~"ygen Co.'. Ltd., Virtoria 
StatIOn House, London., S.'\\ .1, whICh gIves in addition 
a wealth of useful information with regard to the Co"t of 
the process, using coal gas and oxygen on hydrogen and 
oxygen. T~e compan~ has equipp~d a metal spraying 
df'IllOnstratlOll shop at Its works at North Circular Rood 
Cri(:klewo{Jd, 1\.·W.2,. in which. by appointment, th: 
f'gUlpmf'nt may be lllspected and any metal-spraving 
proc{':-l . ., ma.y be seen in practical operation. A l~rge 
IlllmJ.lf'r of samples of metal-sprayed work in all suit8.ht~ 
IlJetal.; and upon ma.ny kinds of fmrface arf' al~\) 
8.l,·J.i1arAe for inspection in thi", department. 
Nickel Alloy Steels 

l)('Yf'loprnent in engineering practice in recent yearn 
1111."1 l1('('e,,,sitat«i the employment of metals of higher 
,'itTeugth, or in othpI' words of higher strength/weight 
ratio. This iH partieularly the case with racks, pinions, 
and gf'an; which must maintain good performance under 
strflnnou~ conditioni'<, and with crankshafts, axles, 
propellers, f'tC'. which must give reliability under con­
dit,jom often of great :=;tl'ess. A pUblication (A. 16) 
which dealR 'with t.1lis i=mhject has recently heen issued 
by the Rpsearch and Dflvelopment Department of the 
)1onrl Nickt,j Go., illustrations being givf'n of the employ­
m('nt of nickfl steel and nickel-chromium-molybdenum 
stp('l wht"re great Rtre:ogtb is required, and the advantages. 
of tIl(' alloys II ft· f'xplained. 

PUBUCATIONS RECEIVED 
Tin; PROF£SSlOKS. By A. ~L Carr-Saunders and P. A. 

Wilson. Pp. VIi -t- 536. Oxford: Clarendon Press. 
London: H, Milford, Oxford University Press, 19"33. 
2,5s. • 

J"'lllCX 1'0 THE LITERA'Il'RE OF FOOl) INVESTIGATION. 

\Vol. 4, ~{~. 2. Septembel', lH32. Compiled by Agnes 
E. Glenme, B.Se. Department of Scientific and 
Jndustriai Research. Pp. iv + 182, London: B.M, 
Stationery Office, 1933. 2s. Gd. 

LUBRICATING AND _:\oLLIED On": A HAKDJ)OOK J'Olt 

CIIEMISTB, ENGINEERS, AND STUDENTS. By E. A. 
E\·ans. Foreword by Tho Rt. Hon. Lord Wakefield 
(If Hythe, C.B.E" I:L.D. 2nd ed. Pp. xv + 175. 
London: Chapman & Hall, Ltd., 19.13. P:-.. 6d. 

Low-TEMPERATURE C.mBOKIZATION: KAnNO'W BRICI{ 

RETORTS AT THE F,(,EL RESEARCH SHTIOK. By J. F. 
Shaw. D('partment of Scientific Bud Industrial Re­
ooRn'h. F1WI Re"€Rl'eh. TcC'hnical Papi:'l' ~o. ~S 
Pp. yi + J..i. London: R.M. Rtatioll(,l'Y Office, 
H133. 6rl. 

DIZlONAR10 lJI CHIMICA GENERALE F. l~DusTRIALK. 'fiy 
Prof. M. Giua and Dr. C. Giua-Lollini. A-E. pp. 
1.083. Torino: rnione Tipografico-Editrioo Torinestl , 

1933. 165 L. 
E?,<ZYKf,OPXDH: DEtt TECHNISCHEN CHEHIE. Edited by 

ProL Dr. F. Ullmann. 2nd ed. Vol. IX. No. 41. 
Pp. 160. No. 42. Pp. 161-300. No. 43. Pp. 321-
480. No. 44. Pp. 481--656. No. 45. Pp. 657......825. 
Berlin: Frban ({;- 8clln-arzeuberg, 1932. Paper,. 
42.50 rm.; bound) 50 rm. 

CffE1USTRY OF DRUGS. B\- X. Evers, B.Sc .• F.I.C. 
2nd ed.. ("ntirel~' revi.5ed. and enlarged. Pp. viii + 

.. ~ 2:m .• I.ondon: E. Benn. Ltd., 1933. 558. 
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