
Physics. ,( lnvest~qation by means of X-mys of the Cl'ystal-
str'uctu1'e of socliurn-chlomte and sodiWI/-bl'olllate". Comm u ni­
cation N°. I) from the Laboratol'Y of Physics and Physical 
Chemistry of tbe Vetel'inary College at Utrecht. By N. H. 
KOT.KMETJlm, .1. J\IT, BIJVOWL' and A. KAHSSI<>N. (Communicated 
on beha!f of Prof. W, H, KEESOM, Dil'eetor of tlJe I.Jabol'atory, 
by Prof. KAMlmLlNGH ONNES), 

(Communicated at the meeting of May 29, 1920), 

§ 1. lntroduction, Fo1' biological 8cienee every deepening of OUl' 
insight into the nature of the chemical bindings of the element 
eal'bon, so important fot, fhe ol'ganie wOl'ld, will be of gl'eat value, 
In connexion with the investigation of tbe struetUl'e of the modifieations 
of the element carbon itselt' this point has already been in discussion 1), 
Also the close cOl1llexion bet ween the aloms of the gl'OUp 00

3 

that has been stated in calcite ') fOl'ms an importallt datum for the 
pUl'pose, Thel'efol'e we originally intended to investigate the crystal­
stl'lletUl'e of other cal'bon-cornpoundR. Sodium-carbonate and sodium­
bydroeal'bonate· Ih'st eame into considel'ation because of their 
importance fot' animal life. Oonsidel'ing howevel' that we conld 
expeet to meet with great diffîeult.ies in these investigations espeeially 
in the calculations as a consequenee of tbe erystal-watel' resp, the 
monoelinie cl'ystal-system, we fit'st investigaled some snbstances with 
analogolls strueture, fol' whieh these difficulties we re not to be 
expected, We chose sodium-chlorale and sodium-brornate both 
cl''ystallizing in Ule eubic system, We also hoped that these substances 
might give I1S some indieations on the remaining together of the 
atoms of tbe acid-radieal. 

§ 2. Pr'esenl knowlel~qe on NaC10. and NaBrO., In P. GROTH'S 
Chemical Cr,l/stallogmp!ty, lbe cl'ystalforIns are desel'ibed into wbich 
NaCJO s and NaBrO s ean et'ystallize undel' different circllmstanees. 
When cr'ystallized from solutions in water these s((bstanc~es give at 

l) p, DEBJ.JE and p, SCl-IERRr~R, Phys. ZS, 19, (l91R) p, 476. 
D. COSTER, These Proceedings, 28, (1919) p, 391. 
N, H, KOLKMmIJ~jR, Comm, NO, 4; These Proceedings, 28. (1920) p, 767, 

2) W, H, and W, L, BltAGG, X-Hays aud Cl'ystal-Structure, London, 1918, 
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room tem pel'atul'e cubic teLartohedl'al fonns. Both of the chlol'ate and 
of the bromate two enant.iomorpbous forms OCCU1'. In connexion 
with this phenomenon tho cl'ystals themselves show l'otation of the 
plane of polarisation fol' every direction of the rays, w,IJile tbe 
solllLions are non-active, The polar ternary axes are electnc axes, 
With regal'd to these pl'opel'ties we thOllght it desirabIe to detel'mine 
t,he strncture of these cl'ystals, 

BECKENKAMP 1) investigated already Hds struct.llre theoretically; bis 
conclusions were howevel' not eonfirmed by OUl' investigations, 

VV, H, and W, L, BRAGG 2) simply mention, tbat in tbe èrystals 
of sodium-chlorate the places of the sodium- and CI-atoms diffel' 
vel'y little ft'om those in sodium-ehlol'ide, Fl'om the following it wil! 
be evident that on the whole we agree with this opinion, 

JAI<:GI<iH and HAGA~) took LAuE-photograms of NaClO g ; they did not 
derive details on the structul'e fl'orn them. 

§ 3, The appamtus used. rrhis was equal to that, described 
in a pt'eceding cornrnullication 4), This time the finely powdered 
substance was divided as equally as possible by means of a little 
collodion on a glass J'od (diameter ± 0,1 mm,) in a layer less than 
0,5 mm, The rod was fixed to the lid of the camera; by means 
of this lid it could be tUl'ned abolt its Jength axis dl1l'ing the expo­
sure in order to avoid the scratehes on the interferenee fringes 
caused by greatel' crystal-particles, which hinders the determination 
of tbe intensities 5). Beeause of the smal! depth of the layer the 
correction fol' the thickness of the rod, given in Oomrnnnication 
N°. 2 0), was now rnueh smaller tban it was then, Tbe glass co1'e 
of tbe rod gave no difficulties. 

~ 4, Calculation of the c1'ystal-struäure, In the tables 1 and IJ 
are to he fOlHld fol' the clllOl'ate resp, the bromate in tbe eolumns 

1) Comp, J, BEOKENKAMP, Z. f, anorg. u.allg, Chemie, 110, (1920) p. 290, 
J) W, H, and W: L, BRAGG, X-Rays and Crystal·Strueture, London 1911:>' p, 173. 

'3) F, M, JUGER, These Proceedings Vol. 17 (H115) P ] 204, 
4) A. J. BIJL and N, H. KOLKMmIJrm, These Proceedings 21 (1918) p. 408, 

Communication N0. ], 

5) That these sCl'atches touch the interferenee fringes has been explained l.c. 
p. 407, This time some films taken without turning of the rod showed also inter­
seeting sCl'atches; this intet'secting ean be explained in the indicated way when 
the height of the exposed part of the substance is taken into consideration. By 
clecrease of this height the intersections vanished, 

6) A, J. Bw, and N, H, KOLKMJCIJEH, These Proceedings, 21 (1918) p, 496, 
Comm. N°. 1. 
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1 the distanee fl'om the central part of the image Oll the film to 
the interference fringes, expl'essed III 0,1 mmo alld the estirnated 

intensities. In the columns 2 nre given tbe values of 103 sin' { 

caleulated from these data. In tllO ol'dinary way the numbers, refer­
ring to ~-lines, have been separated. In accordance with the cl1bic 
cl'ystal-fmm of both substances it was tben found that the values 

f) 
of 108

• sin' -- of the a-lines possess a comrnoll factor yiz. fol' tlw 
2 

chlorate A" = 13,79 and 1'01' the bl'omate Ac< = 13,16. The columns 
3, 5, 6, and, 8 contain del'ived from these the indices tl'iplets (resp. 
the sl1ms of theil' squares) of lhe lines; the columns 4 alJd 7 the 

(j 
values of 108 sin' 2- ealculated with the mentioned values of A. 

Fl'om the obtained values of A" we find, in cOllnexion witl! the 
moleculal' weights, tbe densities (resp. 2,496 and 3,254), the Ilumber 
of AVOGADRO 6,062.1008

) and the wave-Iength of the GIJK -radiation 
"1 

(1,537.10-8 Clll) fol' the nnrnbel' of molecules pel' elernentary cell 
resp. 3,98 and 3,93. This number is therefol'e 1'01' both 4 1). 

rrhis gives fOl' the edgeof theelernentary-rell 6,55.:10- 8 and 
6,74.10- 8 fol' chlomte and bromate resp. 

Then we investigated which grouping of these .:1 Na-, 4 CI- resp.· 
Bl'- and 12 O-particles in the eell fulfils the symmetry demands 
that ean be del'ived from the cl'ystal-fol'ms (viz. three binary axes, 
foUl' politl' ternal'y axes, rotation of the plane of polal'isation). The 
model obtained in tho following way fulms these demands (see fig. 1). 

Divide tlle eell into 8 ellbes, dl'aw in font' of them th at have 
only edges 111 cornmon a cross-diagonal 80 that they do Hot 
intel'seet. PI ace on one of the diagonals arbitl'al'ily a sodium- and a 
Italogen-partiele. The places of the othe!' sodinm- and halogell-par­
tiel es are then found dil'ectly by means of tlle tema!'y axes. 

Place one oxygen-particle arbitrariIy, tbe places of lhe otbe!' olies 
follow then again. 

The described model eannot cover its minor-image (see fig. 2) 
which is in agl'eement with the op/ieal activity. 

Fo!' tho calculat.ion of the plaees of the atoms we chose as para­
meters, one of the three equal rectangular coordinates of one of 
the sodillm particles a (expressed in the side of tbe ceIl as unit), 
one of tbe three equal coordinates of one of the halogen partieles 

I) 'l'he esseniial diffel'enee with the model given by B1WKIDNKAlI1P (l.c. p. 300) 
is that there this numbel' is lû (or 2 in a eube with an edge of half the valuc), 
which is in contradiction with OUl' film. 

b 
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~ - band the t!Jree coordinates 7), q and r of one of the oxygen par­

tieles. With the vallles a = -f':T' IJ = A, p = t, q = A, r=H we 
fonnd intensit.ies of the lines which sllfiîce both fol' the chlorate and 
for the bromate, as is shown by tbo tables IU and IV. The possible 

o Cf \, =Afa 
Fig. 1. 

Fig. 2. 
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error in the value of b fol' the bromate is about 0,01 of the cell­
edge, the, acruracJ' of the othel'parameters is much smaller 1). 

In tbe calculation of the intensities we have taken into consider­
ation besides the sleueture factor~) only the number of plan es and 
the LOHENTz-factor. We tb llS have neglected the absorption in the 
rad, the temperature-factor and the polarisation-factor. This is allowed, 
whell only we compare the intensities of very close neighbolll'ing 
interference fringes. 

Starting from the assumption that the X-rays al'e detlected fol' 
the greater part by tbe electl'ons, we _ ealculated the intensities under 
the following simplifying assumptions. 

Round the sodillm point we place 10 electrons (monovalent positive 
ion) 3); the weakening of the coöperation by mntual intel'fel'enee is 
neglected. ROIHld the halogen pal'ticles we plaee in the cases A B 

-.., . ' , 
C, and D of the columns 3, 4, 5, and 6 of the tables lil and IV 
I'espeetively 12, :t8, 12, and jO electrons for the chlorate and 30, 36, 30, 
and 28 electrons for the bl'omate, w hile again tbe same neglections 
were made; in tbe same way fol' an oxygen partiele resp. :tO, 8, 
6, and 2 electl'ons. All this is based upon the following sllppositions: 

in case A: pentavalent positive Ilalogen-ions and bivalent negative 
oxygen atorns; 

in case B: monovalent llegative halogen-ions and oxygen-atoms; 
in case C: binding of oxygen in the halogenate-ion by a ring of 

four circulating electrons, of wbich two are derived from the oxygen­
atom and two from the halogen-atom. 'I'he interference-effflct by these 
binding-electrons has been neglected; 

in case' D: binding bet ween halogen and oxygen, whel'e the effect 
due to the lota! outer electl'on rings, to wbich the binding electroJls 
belong', has been neglected. 

From the tables III and IV we see th at the agreement be/ween 
the calculated alld obsel'ved intensities is good from whieh of these 
sllppositions we may start. 

l)~:This must be ascribed to the fact that the displacements of the~Br.particles 
can only be very small when their influence on the interference-result shall be 
compensated by displacements of the other particles. This is the case. to a much 
Iess degree for the Cl-particle because of its low atomic number. Therefore we 
cannot give a limit of the accuracy of the parameters either for this particle or 
for the 0- and Na-particles. 

~) In the calculation of the structure-factor we took into consideration that for , 
planes with thl'ee unequal indices for the symmetry of tbese crystals this factor 
depends on the successioll of the indices. Comp. W. H. and W. 1. BRAGG, l.c 
p. 151. 

I) P. DEBIJE and P. SCHERlmR, Phys . .zS. 19 (1918), p. 474. 
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Frorn the values found for the parameters it is evident that eaeh 
time three oxygen-particles are lying close l'ound each halogen­
particIe; the plane of the three oxygen-partieles perpendieular 10 a 
tèt'nary axis contains, approximately at least, the balogen-pal'ticle. 
The distanre bet ween the een tres of a halogen- and one of those 
neighbOUl'ing oxygen-particles is about .} of the parameter of the 
lattice 1). The sitnation of tbe groups Na+ and CIO a- resp. 111'03 - can 
be fonno from the NaCI-model by diminishing the distarlCe bel ween 

the opposite ions all by about i of' theil' value. 
Finally we wish to express ou!' indebtedness to Prof. KImsoM fOl' 

his kindness to place bis laboratory at om disposal for this investi­

gation and fol' his great irüerest and help. 

1) (Note, added during translation). Quanlitatively these values are not in accol'd­
ance with the data of BRAGG (Phil. Mag, (6) 40 (1920) p. 169, The di stances of 
the centres of an O· and a Cl-atom Ol' a Er-atom, which, according to BRAGG'S 
data ought to be 1.70. 10-8 and 1.84. 10-8 respectively are found by us as 
0.910.10--8 and 0.937.10-8 respectively This discrepancy is not astonishing, 
seeing 1 th at in note 1) of the preceding page some reserve is made about· the 
accuracy of the parameters for the O-particles; 2 that BRAGG expects a shortening 
of the distance in discussion in radicals inwhich there is strong binding. 

We thought it desirabIe however, to investigate this point nearer, with this 
aim new photos wil! be taken and discussed by two of us (B. and Ka). The 
intensities of the lines with the smallest radii especially, Iying in a dark part of 
the film, can pel'haps be determined more accurately, when an antikathode is 
used, which gives a larger wavelength and wh en lhe radius of the camera is 

enlarged. 
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