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' Zerey pirersction 1n Eiguias
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T HISTORIGAL

| ’ Debye and Saherrer showed in 1916 that
‘7passage of a pencil oft x»rays through 8 thin unenclesed
"ietream of 1iqu1d produeed a bread halo surrounding the

 ,}centra1 undeviatea beam.,;ﬁ ?hey establiahed the

'1;phenomenon as interferenee by eomparlng the diameter Qf;; =

  i§the ring whan using difrerent wave«lengths.;‘ In~1928

“}f Kbesenzand ae Smedt identifiea weak seeandary hal@es for
‘L;oxygen, argon. aud nitrogen in the 11quid states., «_;Inb
ﬁ3;the same year walett examlned benzeue, octane and
“jmesitylane, contained in thin ecelluloid eapsules, by ‘
f;[the spectrameter ionization method« E He showed that ;
  ¢the scattering at small angles is small. ‘Since that
'itime ooneiderable work has been done on this phenomenon,'

T;speeially by Raman Stewart Prins, Debye and their

: tassociates. “? By all it is agreed that the diffraetion
jie:t?:f:‘ec‘l;ﬁ: indicate spatial orderly arrangemsnt of

‘molecules. -

ﬂII “icﬁRRENT'THEQRIES;,,»,~

1. Raman 8 Theory.,;/ e |
: 5 The first serioua attempt to explain the
 1;:diffraetion of x-rays by liquids was made by Raman and




“a*and given by Bragg 8 equation/\ JL/{¢«~69 fég is the '

35
'gﬁébéhéfhéﬁ in71925; t ﬂhe approach is similar to that of
”lSmoluchowski and Einstein in ‘the, seattering of v131ble
 11ght by liquias.   ‘»The liquld is‘considered continuodﬁ
 ‘33 a whole but subject t0 local fluetuations in density,
 ;The assumption of continuity is valid in the case of
 ivisib1e~1ight because of the 1&rge difference~betweenrtha
wave-alength of light ana the size of a moleculs: but this
is not. the case with x-rays. ."
’w ) The statistical thermodynamical consiaarations '
‘  can be applied direetly when the angle of scattering is ’
‘f;;small., ~ For 1arger angles, i% 18 necessary te flnd an -

','expression for the local variations cf aensity, kYqu

 the intensity, Raman getsyL_’a ‘ : .
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\ where 19 15 the mean dlstance between nelghboring moleeules -

5'isotherma1 compressibility of the fluid '6%: is the half
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f~'diffraotion angle for the principal halo and 62 for eny

soattering angle.
| ﬁ  o If I is plotted against —‘*the sharpness‘ "
of the max1mum depends upon - >7§* e The curVes for
‘fwater-and~glycerinefcor195pond‘fairly wellrwith those

obtalned experlmentally.‘but the agreement is not so good

k'k{ fo:;ether. X In the latter cage the large value of 1



; ; ‘ Se
*e;makes the theoretical curve aharp whereas the experimental

[e“curve is broado "f The theory has been w1dely aPPlled ’

‘;~”by Raman s aseoeiates to explain the effect of ehange of

*f'ﬂtemperature and eeneentration ef solutlon on the rlngs.

'”No aecount 1s given for the twe or three diffraction bands
of some liquids, however so the theory can be ne more ‘

: :than an apereximatiou to the trutha,

2,‘Stewart’s ﬁheory.w 7
; A crude 1dea of the 11quid. as a masa of
,fragmentary crystals had been: suggeste& soen after the
;phenomenon attractea attention, . .Keeeen~ana-¢e,5pedt
eand,Hewlett,made;thls;hypetheeisfmere‘1ogicalubyjaesumingf~
'}a-kind~ef temperaiy*crystallizetion,'M. 'TheeatOms'
‘f or. molecules would imitate, over short elememts of space
k‘“and time, the arrangement  of the erystalline etate.
\7Thie may heve been the: beginning of Stewart's theery.
, Stewart explalns the diffraetlon nattern
/onetheﬁbaSis offmolecular“greuping whlch~he@calls eybotaxis,
| Atiepj;partiouler,instantésmall erderlyfgrouﬁseofamoleeulee |
exist~af varieus“poinﬁe~in the~1iquid." - The volume
‘eoceupied by groupe& molecules- will depend upon the subetance
: under consideration. L The molecules do not remain
permanent members of any one well Qefined group but are

J]fcontinually moving from one to another.
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| Chnas e The cause of this molecular grouping is
w‘fiuttrlbuted tc the shape of the molecules. ,,‘ 1t the ‘
n,emoleeules were eigar-shapeé, paralle% grouping would be:
-imere probable then anybther owing te the natureof the.
f 5mo1ecu1armforces. The kinetic energy of the moleoules
‘fvwill not neeessarily dlsturb the cybotactic state for it
 néhae been shown that the relative veloclties af any. twe ‘
f;adjacent molecules may be. small in comparison with the f’V
3nfactual velocity of either. s -
£ , - As the temperature of ether is increased it
ehastbeen«shdwn~ﬁhat~the»maximum~seatteringfintensity'is
‘geahifted towerd smaller anglea and the peak heights deerease.
v,The shift is attributed %o thermal expansion which would

_produce an increase in spaeing and hence make the

'}maximnm/oeeurgat emsmaller,angle,,e R he decrease in

7~P@ékeh§ight5is eaused,by,gnginereQSeJinythermel,egitetion
',“ﬁnieh~ﬁoﬁld;make;eonditiqns’1eee,favoreble for the
fkexietence:oficybotectie'grenpace2~'F@he'ecattening'at
‘lsmall angles is propertional to the numberaof ‘random
;e“m0160u1esﬁand henee inereaees with rlse in temperature.

| eAt the critical temperature the liquld and vapor phases
“mergc ana the cybetactic group formatien ‘ceases to existo'
‘elOrdinarily a liquid mixture will giva a diffraction
; épattern nn which the patterns of the twe eomponents are

:superimposed. f If the two 1iqu1de are completely miscible,
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' 7‘howevur, the diffraction pattern ie alfferent from either‘
‘efconstituent. T,‘ The main peak has ae angular poeitien
;,between the peaks of the constituents and shifts direetly

fiith the coneentration.gka Thie ‘indicates a single type

i efof cybotaetic group formed by melecules of both Eroups.

j The x-ray pattern may thus be used to distiaguish betweeﬁ
:ﬁdifferent types ef liquid méxtures,

L The variation of gas v150031ty is fundamente‘
]Z ally different from that of liquids. The former increases

' with rise in temperature the latter decreaees. : Andrade 5

'”:‘develops a. theory for liquids on the baaie of mementum

i transfer taking place during a temporary unien of melscules,

\V‘The cybotaetie condition may therefore be a satisfactory

The eonaeption is thne similar to that of Stewart“s.,
eestewart and. Edwards have found en unmistakable cerrelation
‘between the eqefficient of v183031ty and the perfeetion |

,fef grouping for chain moleculBSﬁ as shown by x«ray diffractlon.

‘,baais for explanation of 1iqu1d viseoeity. - L T e

1egﬁi;Debye '8 Theory. ;

. Debye assumea that the diffractian is caused

‘ by neighboring‘melecules. SR He derlves a distribution
function for the arrangement of the molecules in a 1iquid.
: The maximum ecattering aq;e is defined by the quotient

Hof the wawenlength of the radiation and the diameter of “ g
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,:the sPhere occupie& by the moleeule. The eurves are

“ixlf‘only approximate but the scatﬁerlng angle is of the rlght:”

!order or magnitude for simple molecules,

4. Zanike and Prins Theory. : o
L This theory is also largely mathematica1,~f

'fA distribntlon funetlon is assumed and evaluated in an

”  f,empirica1 way.  9 To apply the theory, the- 1iquid is assumed

1to coneiet of Spherioal atoms elosely paeked together 80
 3that the free snaee is negligible., A reaaonably g0od
‘:agrfhant thh the experlmental intensity curve for mereury
,’is obtained. The approximate nature of this assumption |
,1imits the applieation to monatomic liquids,

‘ The possiblllty of a oomprehensive theory

f]for 1iquids, as exiets for gases, seems to be in further

B Btuay of x«ray diffraotion patterns. s What is- needed most

,operhaps, is information on the diffraetion of some simple

'f/substance in all three atates and at different tam@eratures,

'111. EXPFRIMENTAL.,k'"

“-1 Transformer.“‘

' ‘“,v' The transformer consists of twe 56 000 ohm
~,Secondary coils wound on a O 25 ohm prinary and the whole‘
"immerseﬁ in oil. The primary is tapped in two placesr
Hso three connections are possihle.o ' " \ |
S e-1 Resistance . 0,231 ohms.

@ -3 : , , 0.242 "
So-3 m 94880 3
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‘f'A rheostat of 12 ohms is plaeed in series with the primary

v then“starting since the instantaneous eurrent in the xeray

:n;tube may be 1arge.

The seenndary 00113 are eonneeted tao- the

~~~primary (terminal 5) to prevent sparking between the 1nside ‘

“f‘layers of the former and the eutside ‘layers of the 1atter;

“7'$h@§;al}¢wsnan gffleient~and«compact transformer but is
"fféth¢r ﬁnfortﬁna@er1a;th;970ase5f*7;Sinﬂa;thegtangetnena
‘ fbf4thé5x4réyftube mﬁst:be»groundedvand*nne'éide“cf fhé‘f‘

A 110 volt 8,C supply is also grounaea only half of the
'Qtransfermer/can~he usea, Thus the ‘voltage available

| ‘naé“enly”55;600_ﬁhenfthenful;‘703906 volts‘wonld:have_bean

‘mnéh?betﬁerg e ﬁnwémmbtéxiiréading up'ﬁo‘20~amperes;nis

k'nnnplabéd;in'the~primary éircuit and“a"milliammete:. with a

| ”naxinum*cf'lzﬁmilliampere33"is in the secondary cireuit,

o 2. X«ray Tube. S , ;
, lw, iy The x«ray tube is ef the Shearer type,
’VVWhich is the most suitable for the study of diffractlon

‘jeffeots, “ ?he three most important advantages are:

n(l) replaéeable targets, (2) water eooling, (5) aluminium '
ﬂwindow.,: | The first enables one tu change the wave-

| i1ength of the x-rays, the second allows eontinuous ”  |
Operation and the thlrd inereases the intensity of the N

rays by giv;ng less absorption ‘and by permitting the
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spectrometer to be :p*l_acfea neai'erfthé target.  The "fu'bé

i hes~ebnsiderab1e rectifying\properties~30~the trensformer

 een be conneeted to it directly.m:<»~ The cathode end is

ieeoled by convection 1n a8 1ong, ingulated brass vessel

. fillea w1th water.,

k ‘ The x ray tube is evacuated by means of &
e! mercury pump and an oil back pumbp, Slnce the cperatien
fof the tube depends upen the ionizatlon of the air by fast

e~'eleetrone too 1ow'pressure istpcssible. . Phe artifleiale .

‘nleak used consistea of a variable needle valve eonneeted

- by rubher tubing to & jar evaeuated by the. oil yump alone,

:‘The right order of 1eak was ebtalned by maklng a number of
‘small needle holes in the rubber tubing, fine- a&justment
"of the Dressura eould then. be made with the needle valve.
',Heavy etop cock grease is needed for the threads of the
ie‘valve¢' Thls arrangement keeps the pressure eonstant

‘at the right value for six hours or: more. as shown by the
,‘reading of the millla@%ter. :
' B, Speetrograph and GQlla ,

The Dr. Mﬁller X-ray apec@bgraph is suitable
for the study of X~T8Y diffractien by liquids ag well as
kby crystals. mhe arrangement is nearly the: same as that
for the Lane spct method of 1nvestigating erystal structure. B

The~xfray bean is.llmited by & narrow-cylindric&l channel



Cfin a brass rod, whleh has one end about 4 mm from the

*_yaluminium W1ndow and the other 2 to 5 em frem the 1iquid.

",eThe plate holder is 5 em on the other 81de af the 1iquid.

‘Bleek paper covers the face ef the plate holder 8o plates

T may be taken in dayllght“g A small elrcular pieee of

‘elead prevents fogging of the plate owing to the direet
’ beam. o : |

The cell used for contalning the 1iquid

‘if{seems tc be a distinct improvement over others that have been

used.‘v The 1iquid is eontained

‘,'between two mica W1ndows 1 5 mm

apart. The mica is held in

'~5peéition?by a rlng of bnass~on~‘

.eseachigi&e?bfftheveentre'@ieee;

'”5The thrae rlngs are clamped to~k
ﬁgether with six serews. f*;THe'

"xliqu;@.tokbemexaminea is~peﬁred"

1nte~a:bfeee“eylinarical vessel

i ‘~eabove the cell ana the 1iqu1&

» ~enters the cell by small metal tublng 1 mm in alameter.

}7fThe whole is- supported by an iron rod 7 cm, long which
g fits into the centre of the speetrograph tables

| x The advantage of using miea windows 15

that no ring is glven by thls substance. as is the case

*\e]with glasa and metale, but only spots which do not interfere



: ~  gwifh the~ringﬂgiven by/the~1iquid, - The me thod of elampe

'l”'ing enables one - to elean the eell easmly eand th ehange,w

.the w1ndows. A speeial eutter was oonstructed for cutting

‘fg‘out ‘mica windews 10 mm in diameter and 0,01 mm thick,

‘*“The vessel on top is eonvenient when Tilling the cell and

"7also makes it easier to examlne 1iquids with high vapor

~ pressure at room temnerature.ry By plaeing anlittle
| Btop cock grease sround the cover on top liguids such as
_ cyolohexsae snd ether msy be contained in the .cell for

~ eeveral hours. . The supporting iron rod serews into the

'}f@aell,so thatfthefheight,may;be_aajustea;until;the béam

~ §£‘;;rayé pasaes threugh,th¢ centre affthe;ﬁell,;

“fﬁ’ 4. Experimental ?roeedure.i .

| T Hav1ng chosen’ the target de51red (eopper

‘v was used,throughout thas experlment) and haV1ng properly
B put 1t in place with a llttle stop eock grease. the tube
‘Tis evacuated, An electric heater for the mercury pump
luis most eonvenlent but it takes about 30 minutes to
, heatuthe:mergury suff1q1ently, The pressure in the tube

- }Gab bé‘éStimated by thé‘eolor‘and;the ammeter readxng.~

‘ffMThe current is slightly positlve as the purple glow

¢gradua11y extends along the eathode. - As the glow flllﬂ

~‘fthe tube and atriations appear the eurrent shifts to the

f,gnegat1Ve,;‘;~fihe,glow,receaes;and‘finallysaisappears o
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"almost completely, ; The ﬁurrent shlfts abruptly from a

nfstrong negatlve fo & strong pOS1tive readlng (about 12 m a)

- nand x~rays may then be observea with a phosphorescent

:nlsereen. & ?he eurrent is kept from deerea51ng beyond

;6 or 8 m.a.by means of the artlfieial leak. '

? ‘:, “" | The speetrograph is adgusted by 1ook1ng
<yfthrough the small cireular hole, untll the cell and lead
‘ishleld on the plate holder are in proper alignment. 5”}$h9
‘nspectrograph can be put inte the corveet position to allow

‘maximum 1ntensity of x~raya through the eireular hole by

"lk‘nsing 8 zinc sulphlde phosPhorescenﬁ sereen.

‘ U Tha llquid is put 1nto the eell ‘and a plate
nnexpasea for six heurs., A shade was mgmr for the windafsm
 the plates eeuld be develcped in ‘the same roem. 7‘ It is

‘zdeslrable tc have %he room dark, also ~when using the

‘i‘phosphcresoent soreen. ' Fogging of the plates wasg prevented

‘~‘to some extent by surroundlng the entire sPectrograph with
_lead.;" SR ' (L e
‘»LJ-*5 Diseussion of Results. B
Eighteen liquids have been examlned and all

| Zshow marked dlfzerences in the dlffraetion patterns. : Many 6f

l"'the patterns are very falnt but e sample of eight 15 shown.

l‘fAn explanation of ‘the observed effects will be attempted in

Cterms nf Stewart’s theory.;, Thls theory is chosen because
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fit glves the moet eomplete pieture and beoause the metha

”.‘,ematleal theories are stlll very 11m1ted in applleatlon.

: _;,_ ;

1. Benzene and Gyclehexane.,;lnfr :

, | | These two dlffraction patteras are very
/eimllar in beth size and sharpness ef the rlng. o The two
/liquids have similar struetural formulae' hence it would
'l‘seem that the shape of the moleeule is iuvolve& in the
k;fformatlon of cybetactle grouns. : The dlstanee between grouys‘
’eand the number of groups eer unlﬁ gelume 18 then determlnea

'by the shepe of the molecule.'l In both cases, the numoer,
flof molecules T groups as cemnarea te the number not 1n'

*;gronps must be great for the soattering at small angles

':ﬂ]given by randem molecules is very weak. ' Why this benzenek'

}nring should glve ‘such an orderly arrangement of molecules
is difflcult te see. AR e

: There is a etrlking difference in 1nten31ty, ,
’hbwever; : When-the deuble bonde between the cerbens in b
nbenzene are replaced by e 31ngle bond end an addltlonal

~hydr0gen in eyelohexane we get a great increase in intensity.

A,

0/ \C
fin scatterlng z»rays then '

eThue ﬁhe arrangemen% seems to be mueh mere effeetive

G/;C = C, The ehange in B
, intensity might ‘be due to the addltlon of more hydrogen
"(ce Hiz a8 GOmpared to 06 H6) but 1% is deubtful if the

Jlexplenation 1is as simple as this,
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k '”f ; 2. Ethyl Aleahol and Ether. o ;
o ij : These two 1iquids differ in that ethyl aleohol
l,ehas one ethyl group per molecule whlle ether has two. Two
 , ex@1anat1ons seem.p0331b1e fcr the ether ring being smaller"

: iand more dlffuse. The ether cybetactic groups are feWer

:’fkana farther apart because the shape of the molecule is

fdlfferent or because the ether was nearer its bolllng p01nt,~
fcht is to be noted that the b0171ng point of benzene and
‘chclohexane are about the same (8@0 0) 50 ne differenee in

‘.slze or diffuseness of the ring would result 1n that caseo

'*‘ywther however, ‘boils et 85° C while aleohol boils at 78° ¢

 sel fat atmospheric pressure.‘:‘ The 1atter explanaticn seems

"y smost probable but furthhr investigatlon on this p01nt is
1rnecessary. , |
L . The aiffraction by;ether is more 1ntense than
‘“sthat by alcohol. It Would seem that, 1f replaclng a earbon~l
 bond of hydrogen is effeetive in 1nereaeing tne 1ntensity,
Hyfreplacing the hydrcgen by an ethyl group 1s even more S0

‘This hypothesis is borne out 1n the next twe plates in whlch ;

'j hydrogen in acetle acid is replaced by an ethyl group in

,,:ethyl aeetate ani tne 1ntensity thereby increased. ‘ ,
| 5. Acetlc Acid Ethyl Acetate, end Ebhyl Malonate."
| When acetic 301d and'e%hyl alcohol combine

‘ to form ethyl acetate We get an x~ray dlffraction pattern
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n'Jquite dlfferent from either of ‘the origlnal materials.vr The

: ;new rlng is not 8. eomblnatlon of the other two since the

- nethyl aeetate rlng is the smallest e The distance between

eybotactie grouns has been 1nereased whlle the number of
yagroups ~as sghown by the broadening of the band has been
\fdecreaSEd.i}y[~,' ”

| " Ethyl malonate is different frem all the other
'epatterns shown 1n there being two rings distinctly vigible,

- fThe outer Ting is similar in size and appearance to ethyl.

:aleohol.~,' It Would be 1nterest1ng to see if the inner ring
‘eis similan ﬁo malonic a01d. ~ In any case, the cembination
k"of ethyl alcohol and malonic acid has resulbed 1n a compo&nd )
f!whieh haa & dual eybotaetic arrangement, | Two'types,af
fgroup cembination must be occurrlng."' S e
?4," Pilchard 0il.. S
P @he very distinct ring given by pilehard 011

",fis interesting. 3 Flsh eil is a mixture ef unsaturated

 (i.e. double or trin@le bonds between the earbons) glycerol

B esters. f since eompllcated long ehain molecules exist

in this substance, the dlffraction may be eausea by regulariﬁy“
>”1n the arrangement of the atema in the moleeule rather than
 by regularity of the moleculea in the 1iquid. ~ Thus eaeh

molecule would act as a small erystel. - This:ehould be A
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possible when the molecules are several times the wave-
1emgth of the llght used. If this 1s the cause of the
ring we should expect it to be sharp sinee the number of\‘
regular arrangements would beagreater.ﬁgﬂ" 

The differenee 1n inten81ty of two sides of

‘some plates paftfbularly that of pllehard oil, is due to

b improper screening.  , The b;éok spot whleh averlaps; 

the central spot made by tne 1ead on the frcnt of the Dlate"

holder, is caused by%UOme experlmental errer Whleh has

not yet bean found.

IV, CONCLUSION

o The study of x—ray diffraotion patterns has
, not progressed as rapidly as desired beeause of the long
‘time neeessary for expasure, b Inten31fy1ng screens that

have been used have not been satisfactory. A higher

otential is the only otner method of inereasing the
intenslty. S | C R '

 fntat1ve arrangements have ‘been made for

the d931gn of'a eéil whleh will allow subetances to be
examined over a temperature range ~:100° © to 4000 ¢ or
hlgher. By studylng the 1ntensity of the diffraetion‘/

, patterns with a microphotometer. interesting results S
should ba obtalned. The temperatures at which the solid ~
changeé to liquid and the ligquid to gaslwauld be~pérticularly

important,
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X~-RAY DIFFRACTION PATTERNS

Cyelohexane (06 Elé



Ethyl Alcohol (CgHgO H)

Ether ( CgHg0-CgHg)
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Acetic Acid (CHZC00-H)

Ethyl Acetate (035000-0235)



Ethyl Malonate 332f000~02H

Pillehard 0Oil
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