


decomposition of ketene. The principal int-rest of this nen. example is that  it strengthens 
the argument in Chapter Y n-hich attempts to show that activation 11y rolli.;ion is alJoiit I C ~  
times too slow for the unimolecular process and also th:it :I monochromntic radiation theory 
is inadequate to  esplain such iinimolecular proce . Hiiisheln-ood concliides tha t  some 
extended radiation theor>- i i  necessar>- or thnt  reaction clxiiiis w e  possil)le. 

-in estended discussion of th r  ndmrption theory of g n . ~  kinetic.: at  siirfaci.3 i3 given in 
Chapter 1-1. The form in which it is developed is essentially th:it of Langmuir, the concept 
c'f  a saturation adsorption. v i th  thi, cstension to  the (>~ises in 1vhic.h the ndwr1)ing siiri':icc 
is not homogciieous ~ i i d  in n-hich different typ:,.; of adsorptilin iii:i>- 112 inv,)lvctl. He d 2 m -  

onstr:ites. with a convincing list of example*, lion- th,. npp:ir:,nt e r d ~ r  ilep:.nd.; on thi, 
extent of adsorl)tion nf the reacttints and on the ~ k w ~ r ~ i i i ~ i ~ i  of the produc.t< anti s h o w  hoiv 
the true order (.:in lx, Ie:irned. .is :in example of 2.l-----t.A?, for rvhich (13. iij) lie my: a 
pnrticnlar case has not Iieen discovered. it may 1x2 pointed out that  Lanpmuir ioiincl th:it 
the cc1ml)inntion of hydrogen atoms in contact n-ith tcd wire \v:is Iiiniolecular. 

The final ch:iptc>r is tlevotctl t o  nctiration in heie eoiis rencrioiiq. The temperature 
coefficient here gives only the apparent energy of ai' oil. Hinsheln.ootl $ h o w  that the 
true energy of artiration is related to  this appnrcnt value by the cspression 

E a p p  = Emu, + 1' -- 1 
desorption of the  product^ :ind 1 is the e n  
rom the rarly data of Tayl 
The iipn-rr dnta of actual 11 
d processes. these are frequ 

of Taylor aiitl Burns are 
ame older of ningnitudt 

as E and such da t n  are giving qunntitntirc. Ijases for the cq)lan:ition of i~nt:ilytic mxhnnisni.  
Hinshrln-ood's caonrrpt of n part iciilar iinutalile pli for ( lc(~ompo~ing formic ncid moce- 
culcs ipp. 1b'a-18,$ i.; iinnercss:ny if we n-unie that a11 osicle cntnlvst.: arc dual in natiu'r 
1i:iving positive ions nh deliydrogc~iintion c.:it:il>..ts :ind negative ion thc loci of tl0hydr:i- 
tion rhange. The hook concludes n-ith a conaideratioii of the nature of the  action of sur- 
faces. fimtly i n  respect t o  non-iiiiiformity. next as to spxtial co1ifigur:ition and :is to orienti- 
t ion of ndsorlied nioleriile ant1 finnll>- a?  t o  the  nnturr of thc change indiiced in the renc.taiit 
ljy i t< association with the cntnlyst. 'I'hc nuthor thus  1,rinw iis t r i  th r  p3iiit Tvhcre ' , t h r  
stream of inquiry diridr.: into scvcral p:irallei channel.< ivhirh hnvc not yct I)wn esplorcd t o  
their ccinfluenc.e." To all thow who n-oultl ernlxirk on .such a i - o y n g ~  of ey>lor;ii ion this 
volnmc is an  indispeiis:il)le portion of th r  kit.  It c,rinltl very profitnhly I,e rend l)y :ill s t u -  
tlcnts of pliy.~ic:il c~h!~niistry. 

Hiigli ,<, 7'<1!j!or 

Concerning the Nature of Things. R g  AS i r  Il*r'iiiiir)( h'r(qq. ? 2  + 2.5 ct , ! ;  p p  .~ii+?/, .9.  
Thi,. i- :in ;\mericxii .\-tic, 1-oi.k a r i d  Lo~rr lor i :  Hoi.1icr ( i t i d  Hr(~t i t r t~ .  19?:7. f'ricij: ,S.S.OO. 

rdition of the C'hriqtmns Lectures giren a t  tlir Royal  Inititutiori in 1923-24. 
icctures for the yoiiiig nre tlonc3 w r y  Twll  in Engl:intl. JTe havp 11 

and conseqner~tly vcr>- fen- people who could (ICJ them I)waii 
to +c. 
a ~ u r e  of g ~ s c s :  thc n:iture of liquids: thc 1i:itiire of 

The indivitlunl lrcturrs are eiititlcd: the a toms o f  
.tal5 ' 3  1-tli:imoiicl. iccx nnd snoiv, 

it1 thxt :ill :it om? :in' in motion. anti thnt thrrc, i- n constnnt strugglcl 1)c~tnwn 
attrnctivc foi.c.c, n-hich woiiltl tlrnn- :ill the :itoms together nntl this motion 

n-hicli n-oultl liwp t h t m  intlcpc~ntlcnt. The c~sistrnri~ of mi :ittlnctirc fowc which n-c her(. 
tali(. into account  :I> -oinc,thiiiR very iniportnnt t l o ~  not nt fiwt swin to  l x s  recoiic.ilnlJlp 
Ivitli the atomic striictiirc n - c x  1i:ivc just coiihitlerctl. I ,cc . : i i i~  in  this v c  ;.i;pposed t1i:rt t h r  
aliter sliclls of rl('rtrciI1.: ~ o u l d  p r ~ x  cnt the atoliii from c,omiiip ton clow to  oiir nnothcr. 
I t  is n difficult point. Iic~c~:!use l i n t h  vievs :ire ( 

ing. 11-r hnvc wrii lion. it (.:in hnppcn th:it when two :itonis :ippro:ich e:irh othc-r at  grc'nt 
q x e d ?  they go T~lrn1lo.h e:i(,li otlii,r. 1v111lc at  iiiot1i~r:ite ~pcctl.; t h ry  lxiuiid r i f f  (3:ic.h other likv 
in-o lii1li:ircl lxil!~. IT-(, have t o  go :I .-trli fiii,thcr. ant1 s w  lion-. :it vc'ry slon- spiwls of ::I>- 

mctnls. 

inly correct. I t  i-. no tloul)t, 0111' 

iyll!CJr,l11c? Of the l l~~ t l l l ' ~ '  Of thcW fol'CC'q t h i t  I l l '  1; 11s from :irrix-iiig nt a clrai, uiitlc 
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proach, thcxy miiy nctii:illy .stick togcthrr. \\-e hnvc all heen those winging gatei: which, 
when their w i n g  is condern1)lc.  go to  and fro \\-it hout lovkine. K h c n  the syiiig hn. tlc- 
rlinctl. hoiwvrr. the la tch suddenly drops into its p lace .  thc, gnte is held, ant1 aft  
rattle thP motion i. d l  ovt'r. T1.e h a ~ c  to esp1:iin :in c~ f i ' r~e t  somc.thing like that.  
two atoms nicet, t h e  repuLions of th& cicetron shells iisii:iIl,~ caiisc them to rccail: hut i f  
the> motion is sinal1 ant1 the :itoms q i c ~ r i t l  a Ionrc~r timc in c,:ich other 's  ncighl~orhootl. !Iic~rc~ 
is tin?? for qornmhing ('11 in thc intcmxi1 i? rmngcin(~nt~  of lioth atoms. likp the drop  
of t h e  gate-latch into .t. anti thc. :itiiiiw arc' h(.ltl. I t  :ill tlrpcntls on soin(' q n i c t i i r c J  
of thc atom which r ix  tint of unifolmit:; r11~r i t i  surf:iw s o  tha t  thcie i c  uh\i:i!ly :a 
rc~pulsion: but the r(s1i ill l i e  tiirii(d into attriic.tioii if the two atoms :ire allon-rtl time 
t o  make the ncwcssiry :ii'i':iiig(~iii(~~its, or m ~ n  if :it t h c  outwt they arc p r r s e n t d  to  c:ic.h 
othcr in thr right ~ n y .  11 v ~ r y  int(~resting csamplw of thi. cffcc,t." 
1,. 48. 

i n  th r  : i r r i ing~m~~nrs  of niiittcr: the >ingle atom as we finti it in 
i t  ip htiiditd liy the> c.hcini.<t: aiitl the tal nnit which Tve noiv 

of silico~i or  of osygen. 
11s on(' unit of silicon and  txvo iinits of o s - g c n .  arrmigcrl. 
,tly, thc,rcT is thcx sul)st:inc~~ cIu:ii'tz. of 1vhii.h thi. criislril 
' ( a n n  tliositle, :irrnnycd. iig:iin, in :I -pccinl f:ishion w1iic.h 

tal cont:!ins :in innumcr- 
1::ic.h of the iinits 11 )iwliclrtics of q i i : i r tz ,  i m t l ,  

For esamplc~. 
of quartz is its power of rntatiny thc p1:ic.e of pci1:irizition 
i r i : i t c t l  with the, sim'w which i,. t o  lw found in the cryst:il 

\Yc hh:ili 

'I'O t:ikc. : i n  cs:lmpl~'. there  :ire thc ( i t  

no tloulit, in biimc spccinl 
T i i f i t  consist.; of three mol" 
]vi' non- know h:ii a crrtiiin screw-likc' c~hnriictr~r. 
nl)lc multiplication of t h i  >[' iinith. 
in fact, i q  qwirtz : liut :I sc 1i:nxtr' mc~lci~ulc  of d i c w n  tliositlv i h  not c11i:irtz. 
one of thc liest known proper 
of light, and this prrp(,i ' ty is 
unit. 

analogous t,o that of thc 
t l o c ~  .so i. not generally \ 
t o  lie found of talde ice lji 
of the Giant's C:iurcn-:iy. It i5 idso said that when thc iw on n 1:ikc Iireaks 111 , it first 
divides into vertical rcrlumn. Tvhicsh for a t imr hold nnc  nnothrr up: when. ho\vevcr. the  
ice liegin!: to  move. the mllnpw is lapid ant1 the lake c*lenrs 

"In the n c c o u ~ i t u  given liy .int,:irc.tic explowrs. it is ea1 cntionctl that the ice 
on fresh-water lakes was found to  lie diridcti into Pis-sitled 1 .standing uprisht on 
the surface. On the SIX ice 
the  formation of the crystda led to  :in espnlsion of t h  It \vhich w n n  deposited in the s p c e s  

11s. and ,sometimes squeezed out R I  r thc t o p  surface. The prisms were 
free from salt inside. and fairly fresh water could he olitninetl i f  the outsick la! 
first melted off. They n-ere clear crybtnls, through which :in olmrver might look a t  the 
rocks underneath as through tulxs." p. 182. 

"In the rasr of the  iw\x there arc four x a y s  of thinking of the arrangcmcnt of the 
la\-ers; there is :I layer p~rpcndicnlar t o  each diagon:il of the culw,  and ,  as a ciilie has four 
tliangonals, there are four sets of hyers ,  This doc's not mean that the atoms in any one 
lnyer are specially tied togethcr in tha t  1tiycr; mcr<,ly that one ciin sort out the atoms of 
the crystal into this kind of layer i n  four different nays.  

"Sow it turns out, that  the,?<, l;1-ers are of very great importanrr in respect to  the proper- 
ties of the metal crystals built on the close-packed cuhic p1:in. Gold. silver, copper, alumini- 
um, and other metals like them can lic tlran-n into \vires, rolled into sheets. :ind lwatrn into 
xiriotis shapes. They arc, as K C  sa?-, ductile, :ind their ductility is onc' of t h r  character- 
istics that, make them $0 useful. They can lic lient and piillcd into all sorts of convenient 
forms. Gold ciin lit,  hammered into 
leaves so thin that the mc,tal in  a sowreign n-ill cover :\ largr firid: thc others e:in he Ileaten 
nearly AS thin. Cups nntl veRsrIs of all sorts. chains arid ornnmrnts, and innumerrilile use- 
fu l  things are made 1)y taking advantage of this singular property of ductility. The  first 
thing tha t  ive ,shodti like the X-ray to rsplaiii for 11s more cle:irly, if n-e r im make them do 

The qu: i i tz  < 

It t:ikes three molcculc~s t,ci makc tho serrn-." 11. 13-1, 
"Ice whcn it forms quictly ri water siirf:icc, espowtl to  t h r  z k y  ( 

tal ,  :ill i,hc sis-4tlctl figiirc's Ixiiig 
~ i i .  though in I ~ o t i k h  on  .irctii- ( ~ p  

up into >is-sitlcd vertical co!iimn<. lik 

The plnnrs of srptirntion n-crc ni:ii,kctl liy Iinrs of nir l ~ t i l i l ~ l ~ s .  

I t  seenis possilile to ni:ikc :I metal flon- likc trenrlc. 



..o. i q  thnt fetiturr in their structure which nccount. for this most valunlilc, pr(ip-r!y. \ye 
should also like to  nntlcrstniicl the inner mcaning o the Ii:irtlrninq antl other ch:uigrs that, 
nrp clue to 'coltl-working.' a s  it ip cnllctl-thnt i.q to say.  to hniiinirring or straining thc nirtal 
n.hcn it is roltl. ;\nd n h a t  is annealing. thc softening and relief from strnin tlint hc:it brings 
nlmut'l \Thy nre all thesr thinps so olivious in the cas(' of mrt:il. IyliiIiJ t h r y  do not a p p x r  
i n ,  for instance, diamond or rock salt or quartz'?" 

It ib  even tranzpnrciit, I iit i t  al~sorlis part of 
the spectriim of light thot pasws thrniigli i t .  :iIl(~ving n grcriii-h light to  filter through. It 
is y c l l o ~ ~  w h a i  vic.n-ctl h y  rcflcc.tt,t! light I t  i- very viirious thnt n-hen it hns 
IJerii hcatcd to n dull rrtl it liecomes pcrmanentl\ trnnspnrrnt. :in([ iyliitr l i y  rcflcc'tctl light. 
Fnriidxy \ ~ - n s  yr ry  inicrestcd in thi; fact;  he siiggestt,tl ai: ti p,irti,il csp1iin:ition that the thin 
laycr of gold broke up. the nictul gathering itself together in littlr 1ic:ip 
Iycmt through the hnlcs that  ivcrc Ivft. 'ir Gcorgc Rri1I)y hns iiiatlc~ 
:rnd ndtlctl consitlcrnhly to t h c  information ivc hnvc in ri~gartl to the I)f,havior of this nnd 
other .nl-stmicci n.ht.11 hc'atctl in the .same n-ny. If thvrc nrc> holw in the hc:itctl Icaf. thcy 
:ir:' c ~ s c r d n g l y  small. hc  i;ny~. Iicyontl the pon.cr of thca niic~rwc~ipc to w e .  SOK t h r  S - r n y s  
h a r c  mnirtliiiig to say on this point .  \\-hen gold lcaf is csaniiiictl ljy their aid. it is found 
that it consists of I ~ : I S C C S  of c.ul)ic crystal% of Fold :ill l>-ing with faces ~iarnllrl  t o  thi, leaf. 
The)- :ire not neccssarily c u l r s .  of roiirsc. They mnsist. like ordinary salt,  Ty1iic.h is ciiliic, 
of rcctangulnr ljlocks of all sizes. T h y  n:wt I i r  cxwcdinrly thin ljIni8ks, nnd no donht their 
thickness is far IPS than their n-itlth or length. \\'lirn thc lwf hns Iwcn 
are piled lip tiiiyhon-, perhnps gathered together to some rstriit in henp 
posed. cvrn if they :ire too small to  lie seen l)y the microimpc: and pcrhnl 
\Thy gold and  silver leaf Iiccoine transpnrtnt iv1it.n hmted .  \Thy gold shoiild I r  grcrn n-hen 
Iookcd throupli is a mystery. But x e  do s w  that the hrit i i ig of t h r  poltl hns sprcntl out the 
crystal I J ~ O C ~ S  so that  they  all lie o-ith one fiicc in thc lcnf mrfact-, antl tha t  h.nt hns dcstroyetl 
this amount of regularit>- of arrangement." 11. 2,31. 

,,It v ~ r y  oftcn happcns that the addition to  n metal  of quite n small quantity of ii  v c o n d  
mrtnl, or e w n  of n non-metal, cau a notal)lc increase in hn r  , 240. "Let u s  take 
one of the bimpler ca>es-for esample, that  in  r h i c h  thc addition of :a small quantity of 
aluminium to  copper prodiicw an  inrrease in hnrdncss. The  X- n- that  the structure 
of the copper crystals remains the same. except that  here and there an nlnniiriiuni atom 
tnkils the place of a copper tatom. Son. the wPakness of the crystal lirs, n s  we hnvc) scm, 
in the fact thnt one part slidrs on another part  along a certain plane. This planc is lion no 
longer even: there is n scnttwing of aliiniininm :itoms in i t ,  and  n-e can readily suppose fhat 
the dipping has liecorne ncorc difficult, antl that  n-e have here thp cause of hnrclering. 
There is n rcmnrkalile effect n-liic*h m:,kes u s  think we are right in slipposing so. The 
atoms of nluminium must strain the structure of thc copper crystal, 1)ecause the ripper 
will not take up  more than a certain n u m h .  If :in alloy is made rontaining more than 
nhoiit 10 percent of aluminium, the X-rays tell us that  the copper crystals are I r o k m  1111 
d togc ther .  and :I neTv structure is formed. The alumniuni  toni is must he distortirg the 
copper crystal. antl this fits in very wrll n.ith the f:iet that  it liartlens the copper. C h i  the 
other hand. n-hen nickel is :at!cled to copper the atoms of the former replace the atoms of 
the latter to any estent;  eildently they can slip into the p l ~ c r s  of the cwpper atoms nithout 
straining the copper cr>-stals at all. And in this cas? there i h  no hardening effect. v'nich is 
just !That we should expect. It is only when Jye push in atoms n-hich really strain thecopper 
crystal and make its plane,< unewn  that the hardening is I~roiiglit alioiit. \\-e h a w  jtmmed 
the  4iding p1ancJ.p. 

"In thc case of steel the action is thc same kind, Init h r re  the carlion atoms tha nre the 
cause of the hlirtleniiig do not replac-e the iron atoms, Init are forced into the emp? spaces 
Iietn-cen them. \Te can easily see that this may distort the  iron crystal, and 1s before 
prerent the movement along a plane of slip. Once again thf re  is a limit to  the :mount of 
the alloying snlxtance: only n s m d l  percentage of carlion can lie int rodnced into the iron 
I\-ithout hrrnking up its ordinary simple structure. 

"Gold leaf is very thin. :i3 \ye hnvc wcii. 

ivv knon.. 



"The prohlrms of iron xiid steel contain. honcver. ninny more complications than this. 
\To h a w  only to ask what happens w h m  morc carhon is put in than the iron striwture can 
carry, and  lye find wc' h a w  a new prolilem. Among othcr things, n new cr 
formed of molecules. each containing thrcle atorris of iron nncl onr of carlion; 
rcmentite. hard and unyielding, and in form are  like> n y d l e .  

.I 1)c;iutiful 
r x ~ m p l c  of its effcct on stctl  in to  lie found in thc old s at oncc n i n t l ~  thrir  u-n!- from 
India throiigh Dnmascua into Eiiropc. Dnniawus stcr ntly vnlucd for th. cxcrllenre 
of its qiinliti(,s. Fin? specaimens :ire to Iw sccn in th  *e Collection; they slion 
chnractcristic vxvy pattern nhi rh  has alwtays l w m  looked on as c,vidcnee of gcnuin 
Ji.hcn examined under the microsrope the lincx of the pattern are seen to eonsist of ni 
tudcs of dots, forming ti sort of Milky IVay in thr  ,steel. Thcsc dots are the tiny crystals of 
cementite. -is Colonel Belaicw tells us, thc stwl n-hm it IW:: first made was most difficult 
to work. The smith, n-itli liis little furn:irc,. n.ould he:it the step1 red hot, h i t  after he had 
ntruck l jut  x frw l)lon.s and. made a slight imprcusioii on the stwl,  thc momrntar>- softcning 
had gonc. Thc hardnrsa duc to the ermcntite rrystals had only lieen rrmoveclfor nn in.itnnt. 
>lore  heating. a fexy more I,lon-s. and s l o ~ l y  thP strel liecame less rigid. In  fact. the renicn- 
tire crystals were changing their form. Thcy n-ere liecoming less like needles. gathering 
thrmselves together into more rounded shnpcs, and as they did so the steel liecnmr more 
pliatile. -It last the fine Damascus stecl n-as reurhcd so strong n .rt so elastic. I t  is 
wry likely tha t  much of the kern cdge that thrs;c sn.ords would take clue to thP prcszncc 
of the w r y  hard particles em1)otIied and hcld in thr  softtr iron. The cdge n-oulcl I)cl likt, 
:I saw with c.xtremely finc teeth. I n  thc trinl of skill i)clt\wcn Saladin and King Richiirrl 

cott dw.cri1ic.s in ?'he T n l i s / ~ o / / .  thr former thren. a gossamer veil into tho 
i t  liy drawing liis scimitiir ncross it. :i finr tcst of keenness a n d  of skill. 
other h i i d .  iisecl his snord  like a11 :is. and clove in two an iron h r ,  tlir 

mace of onc' of his knight.;. This also w a ~  ii tcst r2qiiiring F;ri,at qrialitics in the steel. b u t  
on the  part of Ihc. man the skill lay rnorc in thc pon-c'r t o  strike a terrific l~lon- than  in delic8ac.y 
of touch," 13. 241. 

Sincc no oiic is omniscient. it is not snrpri4ng to  find Sir \\villiam nodcling at  time.. 
vcry curioiis featurcx of t h r  soap l i u l i l i l ~ ~  is ita r r luetnncr  to join up with moth r r  l i i i l ) l ) l (~ .  

If we Iilov- n l)iililil(~ on J ring. n-e may takr  :I sec>ontl l)iihhle and knock it against thc firqt 
with forre. onc n-onld think. crioiiph t o  I i r ? ~ k  thcm. Elit the 1)ul)I)lcs houncr from one 
another like indin-rulilic P(~rl1nps thcl cxplanntion lirs in t h r  fact t h a t  in I)oth 
c i w s  the outer layer con of those rnds of the molwult~s nhich, as n-c .-air- lipfore. h a w  
very littlt  trndcncv to a Thrrc. is 110 

tcndcnc!. for thc onex huliIil(~ to co:ilcsce with thc  othcr iyh(ln the two are pressed tnqethcr. 
1)ecsuse the parts that  vomc first into c8ont:ict do  not :attract each othcr." The  adwrl)ctl 
air film has 1)cc.n ovcr!ookccl completrly. 

It is t i  little misleading to ,sa>-. 1). 2 + 2 .  tha t  th r  rapper carystds nrc IJrokcn u p  :iltogethcr 
and that :I ncxn- structure is formrd when morc than  pcrccnt of nluminiuni is :itltlrtl t o  
coplFr. 11s :ire formed in addition to thosic 
?on t : i ning a1 mu t t cn per ccn t of alnmini mi . 

The new carystals ar:' r( 
nrc hnrdcns the iron veq-  grratly a n d  make:: it difficult to u-ork, 

lloons. 

intc n-it11 othcr tiiolcculcs or parts of tnolei~ulcs. 

]\.hat actually happms is th'it soniv n ~ \ v  c.r> 

Tiis is n clelightful Iiook. 
T\- i l / le t  D .  Riri,ci.o,ft 
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n-as shown tha t  even without preformed sugar the protein molecule contains componrnts 
which in th r  organism may be transformed into sugar. On the other hand. it was found 
that the function nf the nitrogenous sugars is different from that of simple sugar.. -1s yet it 
i? not possible to  define accurately the rB1e which hesosaminps play in the animal organism. 
Only an approximate estimate can he formrd, and that on the liasis of the distribution of the 
tissue elements containing hexosamine. The rBle of 
chitin as an architectonic element is so evident tha t  it scarcely needs t o  be pointed out. The 
similarity of its function to  that, of cellulose i,  striking. It is peculiar that  whereas ccllnlose. 
the architectonic elrment of thr  plant. is nitrogenfree, chitin. which. in the loiwr forms of 
animal life. takes the place of celloliise is a product of the condensation of a nitrogenous 
sugar. In  the higher animal forms. amino sugars are constituent parts of the skin, the, skele- 
ton,  the  connective tissur. the  serous and mucous memhranw, in a m-ord all of those tissues 
which preform either an  architectonic or a protecting function. I t  is then not surprising 
tha t  nitrogenous sugars do not possess the Ram(' tendency t o  liurn in th r  organism as do the 
ordinary sugars. Thus thP dirertion of intere-t of the liiologist in rcpard to  nitrogenous 
sugars has changed but the interest has remained, or perhaps has even incrcased. since it 
was discovered that their distrilJution in the animal tissur is wide.," p. I .  

"Theoretically hesosamincs permit of a greater numlicr of isomers than the corrcspond- 
ding hexoses. for t h r  reason tha t  to  every hesasc fire hexosamines art' possihle according t o  
the position of the amino group. Foitunately the nitrogenous sugars thns far discovered in 
nature have the structnre of 2-aminohesoscs. P;vnthetically wcre preparrd hexoses with an 
amino group also in positions 3 and 6, as well as one I-amino-e-ketohesose iaminofructose," 
I,. I I .  

1 Iany  of the  properties of the sugars van hr ?tudied v i th  advantage on hrxonic acids for 
the reason tha t  in these acids the symmetry of the car1)on atom ( I )  has tliasapeared and thus 
their molecules represent structurally simplrr systems .... ..imino hcsonic acids, as sugar 
acids. generally, represent a very convenient material for the study of relationships which 
exist hetwren configuration and optical hehavior. 

"Therc was another reaFon Tyhich attracted the intrrest of the author of this monograph 
to  the  synthesis of 2-heso?aminic acids, namely. their relationships to Pimple amino acids. 
Since all simple hesonic acids are readily convrrtcd into caproic acid. it seemed tha t  2-amino- 
hesonic acids could also he trancformed into the corresponding simplr amino acids, and this 
reaction seemed to  hold out the promise of correlating the configurations of amino acids 
n-ith those of sugars. Indeed, Seulierg recorded :I sucecssful reduction of chitosaminic acid 
to  a-aminocaproic: acid (normal leucin), 1-nfortunatrly, I\-ildman and the writer did not 
meet with the same good fortunc :ind the product they ohtaincd was aln-ays amino hydro 
cnprcic arid which, hesides, was optically inactivr. The .same result was ol,tuined T\ 

several other 2-aminohesonic acids. Some d a y  the experimental difficulties of the prolilem 
vi11 perhaps be overcome," p. 26. 

"Biologists and often even chemiPts referred to  aminohcxoscs as substances occupying 
an  intrrmediate position lictv-ren carhohydratrs and proteins. This assumption iiifcrred 
that the nitrogenous sugars were capahlc of functioning in thc organism cither as carho- 
hydrates or as proteins. I t  was a disappointment. particularly to the physiologist that  this 
rsprctation was not horne out by experiments. Chitosamine was found to act  differently 
from ordinar)- carliohyclrates. The animal organism possesses a rertain mechanism which 
]?rings about a condesation of th r  nnconwmed simplc sugars into glycogen. Only vhen  
th r  quantity of ingested sugar is escecdingly large, is part of it eliminated in the urine. 

r which is neither raliminated nor burned is stored up  in the form of glycogen. On 
of this  ftlrt it x i s  reasoned that every s i ih tance  which leads t o  an increase in the 

stored glycogcn 1s being transformed in the organism into glucose.. hpplying this test t o  
chitosamine, it n-as found that it, did not function gl~-cogenetically." p. 61. 

''-4 curious incident should lie rrcordetl in connection with the preparation of the a- and 
&isomers of this sugar. \Then chondroximine h!-drorhloride was isolated the first time 
on hydrolysis of chondroitin sulphuric acid. it had a specific rotation of + 129.5'. reaching an 
equilibrium a t  + 95'. -1 feiv years later the specific rotation of t h r  same sample was 

The  most striking example is chitin. 
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"The great 1irogrc.s made in tlieoreticnl atomistic inccx tlie Ijcgiiitiing of tlic t ~ w n t i c ~ t h  
He recognized that such fluctiintions of the rc- 

The 
lied n.itliout tloulit by different, intixreatiiit. 
of Smoluelion-ski'.< theory to  rnlcii!:itc~ the  
t i  the colour of the sk!-. and tlir r i d t . ;  nl'r 

The plic~iiotnenoii of 
1x3; Iwen knoll-n sinre the lieginning of mankinti. and yet we :ire indi,l)tetl 
for rwognizing i n  it a brilliant empiric:il coiifirmntioii of t h e  atomistic 

d long iigo on purely philosiophicul grounds l)y the grnius of n Grecian 

"In 1907. two ymt Q aftrr  lie founded the iden of liplit qnniit:i. Ihstcliii tlisco\-rrrtl :in 
ntlclitionnl ver>- important field of application of the qiiantum hypothesis. iii the theor>- of 
the sprcifics licit of solid Iiodiee. By the specific heat of a sulwtnnce rve iintlerstnrttl the 
nniount of heat that  inlilt lir supplicd to  I grm. of the w l x t a n c e  to  raise its tcnipelnture 
lj>- I '  C. I11 1819 Ddot ig  niid Prti t  tlisc.ovc.red an interentilip rchtion 1)etn-een thti yierifica 
heat of n solid i~lrment anti its :itoinica n-riglit. 
aiid Petti.  the product of theye in-o qii:intities, tlic :iton 
for till solid elements. Thi? rrlntion. :I thc1oretic:il 1) 
general n-ell confirmed hy cxpcric1nc.e. But even :it tli 
very largc del-iations froin the Inn- were imtcd in the c:iv of wi-eral elements of  low atomic 
weight, e.g. hcryllium. Ijoron. :md pii,tieiil;irly ili:imontl. Lntvr. the fact vas  c~it:il)lizhctl 
tha t ,  tw1iwi:ill~- in thci c:isc of di:iniontl, the qwcific hwt  tlecre very milch ivlic~n thi: 
crystals :iw strongly c o o l ~ t l .  

'The tle\-iationi from Dulong :iiid Petit 's 1:iw coiild not lje exp!ained by clnssicnl pliyFi(>-, 
But they crrtninly found :i simplr intc.rprc~intion \r-lieii Einstrin a11 
ciplr to the theor>- of lwnt of solid 1)odiw. ii :iwordunrc with the 
:icsiiincrl th:it the  heat of .solid bodies is 1) d on the vilirxl inti< of 
ther ns-~nictl  thiit thc tions i q  m : i d ~  up of rlements of energy ii i  i lie 
sense of P!:iiic.k's hypo o vhicali thrse c~lcments are proportional to tlic' 

rprcific he. t :it low tcmprraturc-: I i c v x i i i x  int?11igil)le, I,ut : l I v j  thc fact  that  c ren  n t  rooiii 
t c~ni l i twturc~  nppreci:iljli, tlc>vintioiis from Diilotig and Petit ' .* Inn- o i ~ i i r . 5  n-ith clcmcnts, tlic 
atoiiiq of n-hich, lwinq 11; rularly light. vilirate very r:ipitll>- in r oiisrqurm'e. Eiiiiteiti'. 
itlrn  vas wliseqiiently tl loljecl 11y tliflcrent scientists, in pnrticiilnr ljy Dehye. who im- 
provc~l tlic theor>- of Einstrin mid thus I)rought into still livttcr :igreriiicnt 11-ith cxpcriencc~. 
In I C ) I ~ ,  Deljyc~'.: n-ork led him t o  ;in ini1)ortant Inn.. acc~oriling to J\-liich thcl specific 
11cl:it of :I wlitl lmtly is pi~~portioiial  t o  the third power of tlic :il).;olutrx teniper:iture :it very 
low ti,tiipc,lntiire~:." 11. 6 3 .  

rlii l)rick* of the iiiiivrrae. Tlic,~. 
are nrr:in:ctl in tiiiiiiorow ~ v n y s  into enis thnt wc~ call :itom*. Tlic kind of :irr:itig<~m(~iit 
tlctcmiiine- thc c,lii~mic*:il l int  w e  of t h  oiiis. the intcmnl >tni(*riirt> of Tvliich is rygu1:itc:l l)y 
cjiiaiituin relations. Tlic : ippearanc~ of a nic~rhnnicnl inn+ follows from electrical prt~l)t~rcivi, 
111 c~on*cqiwiicr of their elinr :ind motion. tlir elrctron* cnll forth :in electrornngiirtic 
field. n-hich is periodic. in spn iiid time. Space is thcrc.forc fillcd ivith e1ectrorn:ignctic 
wave. of :ill pos3ilile frequetici Only n w r y  small p:in of the spec*trum is rewaled to the  
mo-t perfcct of the human dense org:iii;. i .e. to  the eye. as light. Totality phenoniienn. in 
n-hich n lnrpr. nuinlier of mnteriul indiridii:ils tnke part ,  arc rwpoiiaihle for the plieiiomc~nn 
of h i t .  Sp:icr n r i d  timi.. honrvr r .  in xhich  all processes appenr to  opcmte. are linked to-  
gcther to  form :I four-dimc.nsioiia1 in:inifoltl, t,hc geometq- of n-hich i? manifested in the 
phenoInen:i of gravitation. 

In point of 
fact ,  it is not  nature that  iq complicated, Iiut only the 112th that, led to the true knonletl,xe 

tli was c~omplicatetl I i r c a u ~ e  it started off from the  nnrrow limitations of the 
, and becniise theoretical physics only gr:idually succerded in lilierating it 

century i y  due lnrgcly to Smoluchon-ski. 
refractive index in the :itnio*phere :ire re.yonsil)le for the l~ luc  colom of the .-ky. 
correctness of this interprefntioii has I 
experiments. In fact it IT-ns posible,  
size of the molecules from optic.:il mea 
in good ngrcemc'nt n-ith those o1)tainetl l)y quit? tliHcretit mrthods. 

.iccortling to  the so-called l:i 

frc~quenl~>-, .is :I rc3ul on of I<jn,tc,in, not only dit1 the  incrr:isc of thc 

"Po,qitiw and iicpitirc elwtyicxl eli ; irgt~ i iox ;i1jpc:ii 

"Thuz the nen- physic> rc,venls to u s  a picture of nature of great simplicity. 

from humnn points of v ie~v,"  p. 154. W i l d e , .  D.  Bt1,icro"i.t 



Relativity. By G.  B. Jc f fwg.  19 + 13 ciri. I J ~ .  rii + 150. .\ru York :  E .  P .  Duttorl 
CcmpnriU. 192:. This book i.; ivrittcn "to introduce the theor>- of rela- 
tivity to students of scicncsc n-ho are aiilc to  make some use of matliemntics as an instrument 
of thought; hut who may he not quire ready t o  face the mathematical analysis which is 
essential for the thorough exploration of the snhjtct in all i t? ramifications." The chapters 
are m t i t l d :  introduction-Einutein's thcory of relativity: thcs origin of the theory: the 
llichelson-lIorley experiment and  the Lorentz transformation: the l a m  of moticn and of 
magnetism: the restricted principle of relatively and some consequencer; t,he equivalence 
hypothesis: th r  four-dimensional continum: the general throry. 

"-4s I coneeivc the office of a profesor,  it i.: tha t  he should .st,and before his students as 
the living representatiw of those great men who in  the past have lahoured in thnt liranch of 
human knon-ledge which he has made his own: that liy means of a reverent, yet unflinching 
criticism he should strive to  reveal th r  Ivorkings of these master minds, to  the end tha t  he 
may impart, not mere1)- knon-ledge. ljut that  more precious gift--the art  of acquiring knoml- 
edge, the art of discovery. If n-rl approarh o w  tnsk with this spirit. we shall find the key 
to  the solution of much thnt is difficult and  prrplexing in our present knowledge, and the 
inspiration which will lend [I:: on to  further discoveries." p. 31. 

"Thc young scientist can suffer from no greater fault t,han n misunderstandingot scientific 
genius. TTe are to  apt t,o think that advance in scientific knon-lctlge is reserved for those 
n-ho, by reason of sonic special gift. arc nlde for the first time in human history to  see some- 
thing which others have lwen Idind to see. Son- there is a measure of truth in this view. 
hut it is important thnt ive .:hould see n-hat t.hat measure is. more particularly when we 
come t,o the conclusion, as  most of lis must quite young in life, that n-e are very ordinary 
people n-ith no very special giftq. \l-hen that moment comeq, it will depend upon our con- 
ception of the v-ay in nhich science advances whether n-e go forn-ard and play our part ,  
such as it, may be, in thc progrc~s of knowledge, or Tvhether in despair n-e leave the matter 
to  those more fortunate ones n-ho have lirrn predestinated for the work." p. 33. 

"Relativity is commonlysupposed to  lie R revolutionary theory. The theory has its roots 
in the very heginninp of modrrn science. but it is nevertheless a revolutionary theory in thnt 
its acceptancr commits 11s to a radical reconstruction of our  most fundamental physical 
concepts. I n  attempting this tmk  of reconstruction it i e  essential that we should under- 
stand the reasons which led to  the formation of the older concepts. in order tha t ,  i f  these are 
eventually dii.csrc1ed. we ma>- eiisiire tha t  nothing of va111e is lost. 

"Perhaps the most important lesson of the  histor), of science is the abiding value of the 
rtsult of a physical rxprriment carefully and accurately carried out under definite con- 
ditions. The chapter of svientific history with which wc shnll he most concerned ii: very 
largely the story of a n  a l~vapchnng ing  theory h s e d  upon a growing body of unchanging 
experimental facts," p. 36. 

Pricr: S2.40. 

Tt-iln'w D .  Raiicrqft 

An Introduction to the Literature of Chemistry. BU F .  .I. .lIaaori. 18x12 c m ;  7 1 p .  42. 
-\-e ir Y o  rk: Osfortl  I - r i  i i 'c  r s  it y Prc mei?cnii Brarich, 1925. Price: 70 cerrts. In the fore- 
n-ord I T - .  H. Perkin says that "those employed in superyising r twarch  are only too well 
aware of the difficulty in familiarizing students with the n a y  chemical facts are catalogued 
and with the method a.hich must lie adopted in order t o  find out whether a substance is 
known or not,  if knonn. where an  account of its preparation and properties is to he found. 
I t  will be a relief to  those in charge of the everincreasing numlxr  of research students to  
lie ahle to  direct them to  the clear introduction to  the literature contained in the fo l lonhg 
pages, and Dr. AIason is t o  he congratulated on  producing so valuable and convincing and 
a t  the same time so simple n n-ork on this important aspect of t h e  subject." 

The reviewer hopes tha t  the student will find this book as vnlnable as this introduction 
implies. Personally, he does not, quite see why a student interested in looking up  any special 
problem should read a hiographical sketch of Sir Henry Roscoe, for instance, or Cohen's 
life of ran' t ,  Hoff, t o  take another rase. One does not see why Clihhens and Rivett should 
lie cited under the phase rule and not Findlay. 

TTXder D. Bancroff 


