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TABLES OF ELECTRON DENSITY FOR SMALL ANGLE

X-RAY SCATTERING

Shigeo MARUNO

It is known that small angle x-ray scattering is related to the existance of matter in the form

of the small particles, of these complementary system, or, more generally to the existance

of heterogeneous domain of density in the matter, these heterogeneities having dimensions from

several tens to several hundred times the x-ray wavelength. In small angle x-ray scattering

both particle and medium have the each homogeneous body whose electron density shows peri-

odicities only on an atomic or molecular scale. Therefore scattering intensity is depend on the

difference of electron density in the heterogeneous system. From the above reason tables of

electron density of organic compounds (which are classified in to functional group), high

polymers, water and several inorganic salt solutions are calculated and arranged in order of

increasing electron density.
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(Electron/A3) (g/cm?) (cm3)
Compound Chemical Composition Electron No. of Electron Density Molecular Volume
Density per 1 Molecule Weight
n-butane CH; (CH2):CH: 0.204 34 0.600/4 58.12 96. 87
isobutane (CHs)s CH 0.212 34 0. 603° 58.12 96. 38
isopentane (CH3)2: CHCH:CH: 0.217 42 0.621425/, 72,15 116.11
n-pentane CH3 (CH:)s CHs 0. 220 42 0. 62620/ 4 72.15 115. 26
n-hexane CHs (CH:z)+ CH3 0. 230 50 0. 660320/, 86.17 130. 50
n-heptane CHs (CH2)s CH3 0.238 58 0.6837620/,  100. 20 146. 54
n-octane CHs; (CH:2)e CH3 0.245 66 0.703620/4 114. 23 162. 35
n-nonane CHs (CH:z)7 CH3 0. 249 74 0.7176320 128. 25 178.71
n-decane CHs (CH:z)s CHs 0. 253 82 0.7301420/,  142.28 194, 87
cyclohexane CesHiz 0. 268 48 0.779120/4 84.16 108. 02
n-hexadecane CHs (CHz)1s CH3 0. 268 130 0.775120/,  226.44 292.14
toluene CeHsCH3s 0. 283 50 0. 8669420 92.13 106. 27
p-xylene CsHs (CHz)2 0.282 58 0. 8610520 106. 16 123.29
cycloheptene CH:CH (CH:):; CH:z 0.284 54 0. 840420/ 4 96. 17 114. 43
m-xylene CeéH4 (CH3)s 0.284 58 0.8641720 106.16 122.85
p-cymene CH3Ce¢H«CH (CH3)z 0.285 74 0. 857020/ 4 134.21 156.60
benzene CsHs 0. 285 42 0. 8790120 78.11 88.86
ethyl benzene C2HsCeHs 0. 285 58 0. 866920/ 4 106. 16 122. 46
o-xylene CeHa (CH3)z 0. 290 58 0. 8802020 106. 16 120. 61



styrene
trans decalin
cis decalin

tetralin

CsHs;CH:CH;
CioH1s
CioH1s

CioHiz

B: Alcohols, Glycols, and Phenols

isopropyl alcohol
ethyl alcohol
methyl alcohol
1-propyl alcohol
2-pentanol
1-pentanol
3-pentanol
1-hexanol
I-heptanol
m-cresol
p-cresol
o-cresol

phenol
ethylene glycol
glycerol

C: Aldehyde

acetaldehyde
D: Ketons

acetone

CH3CHOHCH;

CH3CH:0H

CH30H
CHsCH:CH:OH

CHs (CHz); CHOHCH3
CHs (CH:)s CH:OH

0.294
0. 296
0. 305
0.319

0. 268
0.268
0. 268
0.274
0. 276
0.278

CH3;CH:CHOHCH:CH3s 0.278

CHs (CH:z)+ CH20H
CH; (CH2)s CH20H
CH3CsH4OH
CH3CsH.OH
CH3C¢H4OH
CsHs0H

CH:0H CH:0H
CH:0OH CHOH CH:0OH

CH:3;CHO

CH3COCH3

ethyl methyl ketone CH3COC:H;

diisopropy! ketone

(CH3)2CHCOCH(CH3) 2

methyl propyl ketone CH3CO(CHz)2CH3

dipropyl ketone
cyclohexanone
E: Esters
isopropyl acetate
isobutyl acetate
n propyl butyrate
n-butyl butyrate
ethyl butyrate
n-butyl acetate
n-propyl acetate
ethyl acetate
methyl butyrate
ethyl formate
methyl acetate

methyl formate

C3H7COC3H~
CO(CHz)4CH:

CH3COOCH (CH3) 2

CH3COOCH:CH(CH3):z

CH3CH:CH:COOC3H~
CH3CH:2CH:COOC4Hs
CH3CH:CH:COOC:H5
CH3COO(CHz)3CHs
CH3COOC;sH~
CH3COOC:H;
CH3CH:2CH:COOCH3;
HCOOC:H;
CH3COOCH3
HCOOCH3:

ethyl cyanoacetate CH:(CN)COOC:H;
methyl cyanoacetate CH2(CN)COOCH 3

methyl malonate
F: Halides
ethyl chloride

CH:2(COOCH3) 2

CH3CH;Cl

0. 280
0.281
0.334
0.334
0. 338
0.343
0. 368
0.412

0. 257

0. 263
0.269
0.272
0.272
0. 276
0.314

0. 287
0. 289
0. 290
0.291
0.292
0.293
0.293
0. 296
0.297
0. 300
0.302
0.313
0. 340
0. 355
0. 369

0. 292

56
78
78
72

34
26
18
34
50
50
50
58
66
58
58
58
50
34
50

24

32
40
64
48
64
54

56
64
72

64
64
56
48
56
40
40
32
60
52
70

34

0. 907429/,
0. 8699
0,8963
0.971

0.785420/,
0.7850525/ 4
0.792820/,
0. 804429/,
0. 80920/,
0. 814420/,
0.81525/4
0. 818620/,
0.821920/,
1.03420/,
1.034720/4
1. 046520/,
1.072
1.1155
1.26020/4

0.783418/4

0.79220/4
0.80520/4
0.806220/,
0.81215/,5
0. 817420/,
0.947820/4

0. 869025/ 4
0.8712
0.871025/4
0. 872120/3¢
0. 87920/
0.88220/,
0.88720/,
0.90120/
0. 898

0, 923625/ 4
0.9274025/,
0.97520/,
1.06320/,
1.12313

1. 154429/,

0.92149/4

104. 14
138.25
138.25
132.20

60.09
46.07
32.04
60. 09
88.15
88.15
88.15
102. 17
116. 20
108.13
108.13
108.13
94.11
62.07
92.09

44.05

58.08
72.10
114,18
86.13
114.18
98.14

102. 13
116. 16
130.18
144,21

116.16

116. 16
102.13
88.10
102.13
74.08
74.08
60. 05
113,11
99. 09
132.01

64.32
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114.77
158.93
154,25
136. 15

76.51
58.68
40.41
74.70
108, 96
108. 24
108. 16
124. 81
141.38
104. 57
104. 50
103. 33
87.79
55. 64
73.087

56. 23

73.33
89.57
141.63
106. 07
139. 69
103. 56

117.53
133. 33
149. 46
165. 36
132.15
131.70
115.15
97.78
113.73
80.21
79.88
61.59
106. 41
88.24
114.35

70.02
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chlorobenzene

CsH;Cl

trans 1,2-dichloroethylene CHCIL:CHCI

cis 1, 2-dichloroethylene

dichloromethylene

chloroform

CHCI1:CHCI
CH:Cl2
CHCIls

carbon tetrachloride CCly

ethyl ether
m-dioxane

p-dioxane

C2H50C:zHs
OCH:OCH:CH:CH:
OCH:CH:0OCH:CH:

H: Miscellaneous

acetonitrile
propionitrile
capronitrile
acetic acid
nitrobenzene

formic acid

CH3CN
CH3CH:CN
CH3(CH2)«CN
CH3COOH
CeH5NO:
HCOOH

Table 2. High polmers

Name

polypropylene
polyisobutylene
1, 2-polybutadiene
polybutene

poly m-methyle sty-
rene

1, 4-cis butadiene
1,4-trans butadiene
polyethylene

poly o-methyl sty-
rene

polystyrene
6, 10-nylon [

poly methyl metha-
crylate

6,6nylon l:

protein

poly ethylene iso-
phthalate
polyvinyl alcohol
polyvinyl chloride

Chemical Composition

CCH(CH3)CHz)n
(CeHgn

0. 343
0.377
0. 385
0.398
0. 438
0. 462

0.244
0.334
0.339

0.253
0.257
0.271
0.337
0.375
0.383

(CH:=CH-CH=CH2)n

[C Ha_&ﬂ =C HzJ\

(CHz—CH:2Jn

[OCH=CH2JH

(CH2)s— NH—C—(CHz)s— ﬁ “NH]
‘3
(0] (6] n
CH:

i
[CHa*Oﬁ(:l*C~CH3l
n

O H

0~CH;-CH-0-CO

C_c

(CH2=CH—-OH)n
(CH:=CHCln

(CHz2)s—NH~— (“: —(CHz) 14— ‘C‘*NH]
0 0 n

o,

58
48
48
42
58
74

42
48
48

22
30
54
32
64
24

(Electron/A3)

Crystal

0.292
0.313

0.315
0.322¢

0.322
0.322
0.33

0.30
0.330

0.337
0. 341

0.343 0.293

0. 349

0.362 0.345

0,383 0.346

0.398

J— )

0. 400¢

0. 386
0. 396

0. 409
0.412

0. 360

0. 426

0.41
0.422

0.44
0.44

0.424
0.43

Amor-
phous

1.106620/ 4
1.26515/4
1.29115/,
1.336

'1.49815/4

1.59520/4

0.713520/4
1.034220/4
1.035320/4

0.782820/4
0.78321/4
0.80920/4
1.04920/4
1. 1986725/ 4
1.22020/4

112.56
96. 95
96. 95
84,94

119.39

153.84

74.12
88.10
88.10

41.05
55. 08
97.16
60. 05
123.11
46.03

Density (g/cm3)

Cry- Amo-
stal rphous

0.91
0.936 0.855

0.937 0.912
0.963
0.95

0.87

1.010

1.01
1.02

1.00
(1.014)

1.071

0. 852

1.124 1.065
(1.04)

1.152
1. 196

1. 041

1.23

1.24 1.09
1.248 —

— 1.35
1.358 1.346

1.35 1.291
1.44 1.39

Mw*

42.08
42.08

56.11
54.09
56.11

118.18

54.09
54.09
28.05

118.18

104. 15

282. 43
282.43

100. 12
100. 12

226.32
226.32

192.17

44,05
62. 50

101.72
76. 64
75.10
63. 58
79.68
96. 45

103.88
85.18
85.10

52. 44
70. 34
120.1
57.24
102.71
37.73

N-X--X-

Mp

(OC)***
24
24
32
30
32

176
128
154
126

64 360

30
30
16

148
110

64 360

56 240

156 228

156

54
54

200
160

124
124

265

100 240
24

32 190



polyvinyl fluoride ~ (CH: CHFn 0.45 —— 144 —— 46.04 24 100
poly ethylene tere- 0.456 0.418 1.455 1.335 192.17 100 265
phthalate
poly oxymethylene  (CH:Oln 0.483 0.40  1.506 1.25 30.03 16 181
OH CH,0H
cellulose T E)@LOJ-Q-] 0.49%6 — 1,592 — 315.32 163
CHz0H OH/n
it isotactic s: syndiotactic

*Mw ; Molecular weight per monomer
#**N ; Number of electron per monomer
*#»*Mp ; Melting point

Table 3. Water and Inorganic Salt Solutions

Water : Molecular Weight = 18.02 No. of Electron = 10
Temp. (C) Density (g/cm3) Volume (cm3) Elec. Density (Elec. ,"10\3)
0 0. 99987 18.0176 0. 33428
4 1. 00000 18.0153 0. 33432
10 0.99973 18. 0202 0. 33423
15 0. 99913 18.0310 0. 33404
20 0.99823 18,0472 0.33373
25 0. 99707 18. 0682 0. 33335
30 0. 99567 18.0936 0. 33288
Salt Molarity Elec. Density (Elec. /?&3)
LiCl 1 0. 340
2 0. 345
NacCl 1 0. 346
2 0. 358
3 0. 370
KF 1 0. 349
2 0. 365
Bal: 1 0. 463



