
Physic8. - "1'lte ,~tl'1tetur'e of svlid nitrous oxide and carbon di
oxide," By J. DE SMEDT and W. H. KEESOM, Oommunieation 
N·. 13 from the LaoOl'atol'y of Physics and Physieal Ohemislt,y 
of Ihe Vetel'illRry College at Utl'erht. (Comlllunicated by Prof. 
H, KAM~;RT.!NGH ONNES). 

(Communicated at the meeting of March 29, 1924) *). 

1. The structure of solid nitrous oxide 1). 

; 1. In conneetioll with our investigations ') 011 the diffr'action of 

D 

X-rays in liquefied gases, we have worked ·out 
a method to get Röntge'nograms of soliditied 
gases I) at low temperatmes. Om' tir'st experiments 
were made witll N,O and CO" because these 
gases at'e al ready solid at the temperatur'e of 
Iiquid air. Moreover they show th is pal'ticulal'ity 
that the molecule N,O possesses the same num
bel' of eleetrOlls as the molecule 00,. Henee it 
may be interesting to be able to compare the 
structul'es of these substanees. 

; 2. The appamtns. The vacuum glass with 
tixed to it the camera is only liltle diffet'ent from 
that whieh bas served to the X-ray-diagrams of 
liquetied gases 4). The glass tube t (wall thinner 
than 0.01 mm.) had a diameter of 1 mmo The 
glass was silvel'ed, excepted the tube tand a 
vertieal slit, th rough w hieh the surface of the 
Iiquid could be obset'ved . 

Fig. 1. The brass tube, which holds the diaphragm of 
tin (Iength 4 cm., diameter of the opening 2 mm.) is continued to the 
inside. lt is closed by a email screen with all opening E, chosen in sueh 

I) In Ihis translation the- results or our second communication on this subject 
have been taken up. 

I) Comm. N0. 10 and NO. 12, these Proc. 25, 1922. p. 118, and 26, 1923, p, 112. 
S) As a subject of research al ready mentioned in Comm. NO 1, these Proceedings 

21. 1918, p. 405. Cf. Comm. N". 10. At the same time F. SIMON and CLARA VON 

SIMSON independently worked out such a method, Zs. f. Phys. 21, 168, 1924. 
4.) Comm. N°. 10, these Proceedings 25, 1922, p. 118. 
*) Published in these Proceedings, meeting of June ~8, 1924. 
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a mannel' that the Röntgen beam, which is limited by the diaphl'agm, 
passes withont stdking tlle met.al, whel'eas the rays, which are 
l'etlected by the tin crystals at. the ut most brim of the diaphragm, 
are intercepted. 

To the opening 0 of the camera is fixed a glass tube, which is 
closed at the end by a small window F of mÏl'l'ol' glass. 

Of the Iwo side-tubes, Olle, V, leads 10 the vacllum pump, t.he 
othel', G, 10 the container in which the gas 10 be investigated is 
stol'ed. 

~ 3, Depositin.Q tlle cl'ystals. Whell a sllfficiently high vaCUIlUl has 
been fOl'med in the appal'aills, tlle vaCU1l1ll glass is filled wilh liquid 
air. By closing the tap iJl V, tlle cOllllection witl! the pump is 
broken, aftel' which Ihe gaseous N10 is admitted thl'ongh G, It 
condenses as a micl'o-cl'ystalline powdel' on the nal'l'OW tube t, This 
condensalion could be watched thl'ough the window F by means of 
a telescope, the cl')'slals being illuminated by the aid of a mÎl'l'ol' 
which was placed unde .. the glass closing-plate P. 

In OI'der to prevent that dlll'Îng Ihe depositing of the nill'Ous 
oxide Ihe liqllid in the tube t boils away, dUl'ing tlJjs manipulation 
a wil'e of weil conducting matal was lel in from abo\'e. 

Depositing was stopped when the cl'ystal IR,yel' had obtained a 
thickness of 0.4 mm, 

; 4. The film, which was oblained with an exposition of 2 1
/ I houI's 

(30 m. A, 25 KV,) with [(-rays of coppel', showed very shal'p line~ 
and so ~lI'oved that the miel'O-cl'ystals had had Ihe l'ight dimellsions. 
This film was made wit.hout a Ni-tilrel'. We owe to Dl'. N. H. 
KOJ,KMEIJER a secolld film, wit.h Ni-filter. 

The films show no tl'a('e of a diffraction ring that could be due 
to the liquid air in the tube t. 

In the calclliation it appeal'ed howevel' thai thel'e 8,I'e parasitic 
lines on both the films. The l'ings namely, due to the crystal planes 
with die smallest indices appeal'ed to be double. This can be ex
plained hy the fact, that t.he cryslal powder was il'l'adiated as a 
relative wide cylinder mantie, which sUI'l'oUllds the tube witl! liquid 
air, and not as a thin hal', as is ordinarily the case with the method 
of DEBIJE and SCHERRER. 

In Fig, 2 the hatched I'illg repl'esellts a section through lhe cylin
del' manlle, formed by the cI'ystal powder. AB be the incident 
beam, If we considel' the diffl'acted rays a, b, which make a small 
augle with the dil'ectioll of illcidence, we stle that the l'ays whleh 
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al'e diffracted by the outer slll-faee of the cylinder, have 10 pass 

through a mlleh thinnel' layer of absOt'hing suhstallee t.han those 

rays which pass thl'ough the centre, So the beam that is dilfracted 

in t.he direction 'P, is divided into two 
smaller ones, Of I hese the beam, ol'iginating 

fl'OIll b, will have the greatest illt.ellsit.y, 

As (I' is larger, the I'ays from a must pass 

throllgh a t hicker layel', and so they will' 

linally give 110 1II0l'e a visible impression 

on Ihe film, 
Fig. 2. As was made first fol' CO, (cf, § 6), 

afterwRrds also for N.O expositions wel'e made with half of the 

ineident Rönt.gell beam heing s('.reelled olf, jn' order to identify these 
parasitie lines indubitably '). 

t 

§ 5 , Results. Tahle I (~olltaills tlle experimental resuJts, del'ived 

fl'om the film (Ka-I'ays of Cu) . 

The fhst column g-ives Ihe obsel'ved intensities, In the second 

column the radii of the intel'ference I'ings Rl'e inserted, viz. half the 

distances, rneasured 011 the film, of the two intedel'ence lines on 

both sides of the cenlJ'e. The mdius of Ihe tilm is 27,3 Olm . The 

thil'd column gi\'es sin' i, the COl'rectioll fol' Ihe thickness of Ihe 

il'l'adiated pl'eparation havillg heen applied. 'fhis correction is put equal 

to l'COS~, to be subtracted fl'om the radius of the inlerfel'ence ring, 

" being t.he I'adius of the outer circumference of the preparation '). 

The fOUl'th column is relative to the del'iving of a common divisol' 

'I' 
of tlre values of sin' 2' The cornmon divisor 0.0181 gives quotients, 

which oscillate abont wllOle nllmbers, excepted howevel' the J1umbers 
placed belweell [J. Tbese al'e relative to pamsit.ic lines as menlioned 

in § 4. The relative \'alues of the illtensities ag ree with Ihe SlIp
position abollt I hei I' Ol'igi n made i 11 § 4. Tlre q 1I0tiell ts of the fOUl,th 

colulIln show still R weak telldency 10 enlal'ge wit.h encreasing tp. 

We ascl'ihe it to Ihe (~il'ClIlIIstance, Ihat somewhat 100 large values 

al'egi ven to above-said cOl'redioll terms. 
Fl'om table [ we cOllclude, thai nilt'out; oxide cl'ystallises cubically 

I) These expo si ti ons were made in the Physical Labol'atory at Leiden. Our thanks 
are due 10 MI', V. ESBACH , assistant of this labol'alory. for his help in makiDK 
these expositions. 

I) Comp, W. GERLACH und 0, PAULI, Zs, f, Phys. 7, 116, 1921. 
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TABLE I. 

I 
Radius of the 

Intensity I) interference ring 103 . sil/2 .!. 3) si1l2 .!.:0.0181 3) h. k.l. 

in 1/ 10 mm.2) 2 2 

. I 102 29 [1. 60) 

m 115 37 [2.06) 4) 

f 1235 44 [2 .58) 

vs 136 54 2.97 111 

vf 145 61 5 [3.40) 

m5) 154 70 3.85 200 

vf 161- 76 [4.20] 

VI 173 88 4.88 210 

I 191 108 5.95 211 

m 221 145 8 .02 220 

f 273 219 12.10 222 

m 283 234 12 .94 320 

m 296 255 14.08 321 

vi 316 287 15.83 400 

vf 329 310 17.12 322- 410 

s 349 344 19.05 331 

vs 359 361 19.95 420 

f 369 380 21.95 421 

I 380 399 22.05 332 

vf 399 434 24.00 422 

vf 420 472. 26 .04 510-431 

m 448 525 29.00 520-432 

vf 459 545 30.05 521 

s 479 582 32.15 440 

5 509 6355 35.10 531 

I 519 654 36.10 600-442 

m 540 691 38 . 15 611-532 
I 

I) vf = very feebIe, f = feebIe, m = moderate, I = strong. va = very st rong. 
2) To the numbers given in tbe report about tbe work of tbe Ist International Com

milsion of the In,titut International du Froid, presented to the 4tb International Congres! 
of Refrigeration in London, tbe corrections for the thickness of the preparation had 
already been applied . . 

3) These numhers are sometbing different from those, given in the report mentioned in 
note 2, on account of another calculation of the corrections for thicknes! of tbe preparation. 

4) That thi, Hne is a parasitic one was shown by the film made with half of the 
incident Röntgen beam being screened off. 

5) That thil line has a mean intensity was taken from tbe film mentioned in footnot!! 4). 



843 

o 
wilh a si de of the unit cube 5,72 A 1). I" order to calculate I.he 
number of the molecules in a unit cube the density of solid lIitrous 
oxide is 1I0t available, If we slIppose 4 molecules in the unit cube 
the calculated density is 1,55 1), whereas: at the melting-point, 
- 90,5°, the liquid has a density 1,299. 

In Fig. 3 we have drawn the structure which for the calculated 
intensities has given values which agree with the observed ones. 
On each of the four not intersecting diagonals of the cube, fOJ'ming 
the ternary axes, we find a molecule N ,0, viz. all atom 0 in the 
middle of it, on bolh sides at the same distance tlanked by an atom N. 

As a parameter we chose: the 
/' / ;/ 

/'~ .. -+---/-71"'-',-, +---/'~ projection q of the distance bet ween the 
'0 '0 atoms 0 and N,on the side of the • '. a unit cube. 

/,-+-~-+--+/--::>I----+-----l-/,~ The places of the othel' atoms follow 
L .. /' ~ then from the tel'llal'y symmetry of 

." ~ ,,0 tlle axis A O. The parameter is 6X-
" 0 

,0 ,. pressed in 360t h parts of the side of the 
/' / . N "I~ /' elementary cube. The best agl'eement of 

lL" ./' /' calculated intensities with Ihe observed 
e o O ~I ones (see table 11) has been obtained 

~'ig . 3. with q = 42 . , In these calculatioJls we 
have taken in 10 cOllsidel'ation: 1'. the structure factOl', 2° . die faclol' on 
account of Ihe number of the planes that 'conll'ibule 10 the diffra.clion, 

1 
3" . I he LOKENT?-factor, 4" . the facto I' - - pl'Oposed by BIJVOET '). 

ep 
cos -

2 
The coordinates of the 4 atoms 0 are thus: I/C a, I/C a, I/C a; 

' / c a, '/4 a, I/C a; I/C a, 1/4 a, I / c' a; l/c a, I/C a, I/C a. 
o 

a = 5.72 A. The distance betweeJl two neighbollring atoms N and 
o o is 1.15 A. 

Il. 1'he structure of solid carbon dioxide. 

; 6. The expositions for solid carbon dioxide have been made 
in the same way as those for nitrolls oxide (cf. ; t 2-4). 

Also an exposition has been made al which half of the 
incident Röntgen beam was sereened off by means of a small screen 

I) Owing to a repeated calculation these numbers are somewhat different from 
those which are given in the report mentioned, p. 842, no te 2. 

I) J. M, BIJVOET, Thesis, Amsterdam 1923. 
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tltat was placed al a sIloI'! distanc6 hefore the pl'epal'alion, In sueh 
a ma/mer that ollly Ihe I'ight half Ol' Ille left half of the prepal'ation 
was i l'l'adialed, So a complete inlerferenee figul'e without Ihe 

h. k.l. 

100 

110 

111 

200 

210 

211 

220 

300 i 
221 j 

310 

311 

222 

320 

321 

400 

322 i 
401 \ 

330 i 
411 j 

331 

TABLE II. 

observed 

V8 

m 

vs 

m 

m 

m 

vf 

vf 

Intensity 

calculated 

o 

o 
8425 

2282 

3740 

3230 

1760 

45 

o 
465 

783 

2020 

3325 

250 

89 

35 

2630 

parasitic Iines mentioned in ~ 4 has been obtained on one side of 
Ihe film. On the olhel' side only Ihe parasilic lines appeal'ed , So 
we get in Ihe ' th'st place all atlhmalion of the supposition mentioned 
the1'e, I'elati ve 10 the Ol'igin of Ihe pal'asitic lines. The parasitic lines 
could fUI,thel' be identified 1I0W indubitably fol' carbOll dioxide, 

Table III conlaills these expel'imenlall'esults. The columlls have the 
same meaning as in table I. The pal'asitje lines have been omitted, 

In the. tifth column two planes (311 alld 420) have been insel'ted, 
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They appeared on another tilm tban Ihe one fol' which these calr.u
lations wel'e made. 

From the fact that the quotients in the 4th . column oscillate about 

TABLE 111. 

RadiuI of tbe 
lDteDlity iDterfereDc:e riag 103• sinz!L sinz!L : 0.0187 h. k. I. 

iD 1/10 mm o 
2 2 

VI 140 56 3.0 111 

f-m 160 74 3.96 200 

• 117 91 4.89 201 

I 196 1125 6 .02 211 

f-m 228 153 8.16 220 

vf 240 168 8.99 221-300 

vf 311 1) 

vf 281 229 12.25 222 

m 291 2455 13.13 320 

m 302 262 14.02 321 

vf 349 342 18 .30 330-411 

m-f 358 358 19.15 331 

vi 420 I) 

vf-f 376 391 21.00 421 

vf 387 4115 22 .01 332 

m 458 541 28 .98 520-432 

"f 469 563 30.09 521 

m 487 595 31.85 440 

vf 519 651 34.83 531 

.whole numbers, we conclude th at carbon dioxide (just as nitrou8 
oxide) crystallises in the cu bic system. The aide of the unit cube 

o 
is 5,63 A. Ir we admit. the nnmbel' of the molecules in an elementary 
cube to be 4, we obtain for the density 1,63, in agreement with 
tbe value, which DEWAR') obtainerl at the tempel'atul'~ of liquid air. 

1) From anotbel' film. 
I) 8-1118" = 1.63, Cbem. News 85, 277, 1902; 8_199" = 1.627, Chem. Newl 91, 

216, 1905. 
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Hence the structure of carbon ciioxide IS given by Fig. 3, just as 
that of nit.I'ous oxide, if V bas heen replaced hy C and N by O. 

The parameter q was chosen in the same way as for nitl'ous 

TABLE IV. 

Intenaity 

h. k. /. 

I 
obaerved calculated 

111 VI 6420 

200 f-m 1735 

201 I 3070 

211 s 3100 

220 f-m 940 

221-300 vf 148 

310 - -

311 vf 102 

222 vf 370 

320 m 2700 

321 m 3400 

400 - 430 

322-410 - 365 

330-411 vf 218 

331 m 1520 

420 vf 176 

oxide. As the line 110 is absent it follows that the atom C lies in 
the middle of the diagonal. The best agreement bet ween calculated 
and observed intensities was obtained for q = 39 (seetabie IV). 

So the coordinates of the C-atoms are 1/. a, 1/. a, 1/. a; 1/. a, 
o 

1/. a, 1/. a; 1/. a, 1/. a, 1/. a; 1/. a, 1/. a, 1/. a, a being 5,63 A. 
The O-atoms are at the same dist.ance on both sides of a C-atom. 

o 
That distance CO is 1.056 A. 

It is an agreeable dllty to us to thank Miss IRM. DRSMET, who 
has made most of the intensity calculations. 




