
CENTRAL RESEARCH LIBRARY
DOCUMENT COLLECTION

ORNL-4103
UC-4- Chemistry

X-RAY DIFFRACTION DATA ON

LIQUID 2,2-DIMETHYLPROPANE

(NEOPENTANE) AT 25°C

A. H. Narten
H. A. Levy

CENTRAL RESEARCH LIBRARY

DOCUMENT COLLECTION

LIBRARY LOAN COPY
DO NOT TRANSFER TO ANOTHER PERSON

If you wish someone else to see this
document, send in name with document

and the library will arrange a loan.

OAK RIDGE NATIONAL LABORATORY

operated by

UNION CARBIDE CORPORATION

for the

U.S. ATOMIC ENERGY COMMISSION



Printed in the United States of America. Available from Clearinghouse for Federal

Scientific and Technical Information, National Bureau of Standards,

U.S. Department of Commerce, Springfield, Virginia 22151

Price: Printed Copy $3.00; Microfiche $0.65

LEGAL NOTICE

This report was prepared as an occount of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on beholf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or that the use of

any information, apparatus, method, or process disclosed in this report may not infringe

privately owned rights; or

8. Assumes any liabilities with respect to the use of, or for damages resulting from the use of

any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminotes, or

provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.



Contract No. W-7l+05-eng-26

CHEMISTRY DIVISION

X-RAY DIFFRACTION DATA ON LIQUID 2,2-DIMETHYLPROPANE

(NEOPENTANE) AT 25°C

A. H. Narten

H. A. Levy

APRIL 1967

OAK RIDGE NATIONAL LABORATORY

Oak Ridge, Tennessee

operated "by

UNION CARBIDE CORPORATION

for the

U.S. ATOMIC ENERGY COMMISSION

ORNL-1+103

LOCKHEED MARTIN ENERGY RESEARCH LIBRARIES

3 4i45b DSlSflfiD t,





Ill

CONTENTS

ABSTRACT 1

1. INTRODUCTION 3

2. EXPERIMENTAL 3

2.1 Diffractometer 3

2.2 Material and Sample Holder 4-

2.3 Data Collection <+

3. RESULTS 4

3.1 Raw Data 4

3.2 Reduced Intensity and Radial Distribution Functions 12

4. DISCUSSION 22

5• REFERENCES 22



1

ABSTRACT

The scattering of x-rays from the free surface of liquid neopentane

in equilibrium with its vapor has been measured at 25°C. The diffracto-

meter used was specially designed for the study of liquid structure. In

this report, both the raw data and the intensity and radial distribution

functions derived from them are presented in tabulated form. Intramolecu

lar distances obtained in this study are in agreement with those derived

from gas diffraction experiments.





1. INTRODUCTION

An x-ray diffraction study of liquid carbon tetrachloride has yielded

considerable insight both into the geometry of this tetrahedal molecule and

into the packing of the molecules themselves. Replacement of the chlorine

atoms in CC1, by the somewhat smaller and considerably less polarizable

methyl groups of neopentane ( CMe, ) should yield an even better approxi

mation of a globular molecule. Since these molecules can be assumed to

interact with short-range, two-body central forces, an x-ray diffraction

study of liquid neopentane should provide useful information on the struc

ture of a "simple" liquid, against which some results of the molecular

theory of such systems can be checked.

Our results are presented in tabulated form in this report.

2. EXPERIMENTAL

The diffractometer, the procedure for data collection, the various

corrections applied to the raw data, and their final evaluation have been

2
discussed in detail elsewhere . Only a short outline will be given in this

section.

2.1 Diffractometer. The diffraction measurements were made with a diffrac

tometer specially designed for the study of liquids. The diffraction pattern

from the horizontal surface of the liquid sample was obtained with a diver

gent beam technique similar to the Bragg-Brentano system used for powder

samples. The instrument provides for simultaneous angular motion of the

x-ray tube and detector about a horizontal axis lying in the liquid surface.

This method eliminates sample holder absorption and scattering. Monochro

matic MoKa radiation is obtained through the use of a bent and ground

crystal monochromator mounted in the diffracted beam.
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2.2 Material and Sample Holder. Neopentane of 99.91 mol %purity* was

used in the experiments. The liquid was contained under its own vapor

pressure in a cylindrical beryllium cup (1.625" I.D., 0.020" wall) with the

liquid surface in the diffractometer axis.

2.3 Data Collection. Scattered intensities were measured with various

beam divergences, ranging from 0.5 degrees at the lowest scattering angles

to h degrees at the highest angles. The times for a fixed number of counts,

ranging from 200,000 to 500,000, were measured at 0.25 to 1 degree intervals

in scattering angle. The accumulated counts were chosen to hold statistical

errors in the reduced intensity function approximately uniform. The dif

fraction pattern showed interference throughout the observable range of the

2

instrument (to s = {h tt/A) sin 9 = l6, 6 being half the scattering
irid-"- insix

angle).

3. RESULTS

In this section the experimental data and the results derived directly

from them are tabulated in the format of the computer programs used. The

procedure for data treatment falls into two stages. In the first, the raw

data in various scattering angle ranges are placed on a consistent scale and

2
appropriate corrections are applied . In the second, data reduction and

Fourier inversion are carried out. A brief description of each program is

given in order to explain its function and clarify the nomenclature.

3.1 Raw Data. The output of this program is divided into two parts. The

first presents the experimental data under the heading INPUT DATA. The

second part, called TOTAL SCATTERED INTENSITIES, lists the various cor

rections applied to the raw data, and the corrected relative intensities,

normalized to a certain size divergence slit. In the following table the

*The Matheson Co., Inc., East Rutherford, N. J.
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definitions of various terms are given in the order of their appearance

(some are omitted since they are self-explanatory).

3.1.1 INPUT DATA IN COUNTS PER MINUTE

SECTION refers to the portion of scattering angles covered; each section

is characterized by a certain size divergence slit and angular

increment.

N is a running index.

THETA is half the scattering angle in degrees.

COUNTS is the accumulated count, summed over all repeat runs, for each 8.

RUN is the sequence number of the repeat run over a particular section.

3.1.2 TOTAL SCATTERED INTENSITIES IN COUNTS PER MINUTE

S is the value (k tt/A) sin 9.

DIV. is the size of the divergence slit, in degrees.

I,RAW is the raw intensity, for each 8, averaged over all repeat runs.

BKG. is the measured background radiation.

^. 2
POL. is the polarization correction .

2
PEN. is the penetration correction ; the atomic absorption coefficients

3
for carbon and hydrogen were obtained from the literature .

I,CORR. is the corrected intensity, computed from

I,CORR - (I,RAW - BKG.)/(POL.xPEN.).

ERROR is the statistical error associated with I,CORR, computed from

ERROR = I,CORRx( COUNTS )VCOUNTS.

I,SCALED is the relative intensity, not as yet normalized to the independent

atomic scattering, but corrected for background, polarization and

absorption, and scaled to the size divergence slit listed in the

caption of this column.

ERROR is the statistical error associated with I,SCALED.
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NEOPENTAME 25C

SECTION I, 0.500 DEGREE DIVERGENCE SLIT.

N THETA COUNTS

1 2.50 200000.CC
2 2.75 200000.OC
3 3.00 200000.OC
U 3.25 200000.OG

5 3.50 2000D0.0C
6 3.75 200000.OC
7 4.00 200000.00
8 4.25 200000.00
9 4.50 200C00.0C

10 4.75 200000.OC
11 5.00 200000.OC
12 5.25 200C00.0C
13 5.50 200000.OC

14 5.75 200000.OC
15 6.00 200000.OC
16 6.25 200000.00

17 6.50 200000.OC
18 6.75 200000.OC
19 7.00 200000.OC
20 7.25 200000.00
21 7.50 200000.OC
22 7.75 200000.OC
23 8.00 200000.OC
24 8.25 200000.OC
25 8.50 200000.OC
26 8.75 200000.OC
27 9.00 200000.OC
28 9.25 200000.00
29 9.50 200000.OC

NEOPENTANE 25C

RAW INTENSITY IN COUNTS PER MNUTE

I RUN

2987.16

3552.40

4547.86

6340.48

9678.98

12162.99

9557.18

5550.93
3210.27

2113.57

1549.63

1225.24

1056.38

958.15

896.65
849.97

823.72

765.54

717.79

706.06
677.59

657.06

634.14

604.36

591.65

569.15

550.53

530.93

506.15

2 RUN

3275.47

3981.95

5131.71

7165.89
10791.36

13689.26

10643.96

6114.34

3534.19

2348.98

1701.69

1343.03

I 171.21

1061.67

970.03

922.58

890.54

871.84

845.28

809.59

781.56
794.41

778.48

761.1 3

736.72

716.44

7C7.05
677.47

616.73

SECTION 2, 2.000 DEGREE DIVERGENCE SLIT.

RAW INTENSITY IN COUNTS PER HNUTE

N THETA COUNTS 1 RUN 2 RUN 3 RUN
1 9.00 300000.00 7125.04 7142.86 71 39.46
2 9.50 300000.00 6628.37 6664.45 6675.57
3 10.00 300000.00 5993.41 5963.62 6072.87
4 10.50 300000.00 5269.63 5274.72 5346.16
5 1 1 .00 300000.00 4624.28 4617.16 4627.48
6 1 1.50 300000.00 4042.31 4046.13 4075.81
7 12.00 300000.00 3603.60 3568.67 3631 .52
8 12.50 300000.00 3251.86 3266.02 3246.23
9 13.00 300000.00 2970.89 2975.60 2932.26

10 13.50 300000.OC 28C8.99 2824.33 2812.41
II 14.00 300000.OC 2671.65 2660.40 2651.82
12 14.50 300000.00 2592.02 2574.00 2578.21
13 15.00 300000.00 2521.1 1 2492.52 2554.82



N THETA COUNTS 1 RUN 2 RUN 3 RUN

14 15.50 300000.00 2450.88 2457.81 2550.91
15 16.00 300000.00 2374.08 2400.29 2464.07

16 16.50 300000.OC 2329.64 2325.76 2382.94

17 17.00 300000.00 2234.64 2229.74 2264.15

18 17.50 300000.OC 2127.06 2117.30 2119.24
19 18.00 300000.00 1993.82 1995.74 1931.19

20 18.50 300000.00 1853.68 1839.25 1785.77

21 19.00 300000.00 1698.90 1672.47 1633.28
22 19.50 300000.00 1549.39 1526.72 1485.88

23 20.00 300000.00 1386.90 1394.02 1344.72
24 20.50 3000C0.0C 1231.68 1253.00 1212.98

25 21 .00 300000.00 1 IC6.8I 1 121 .81 1101.75

26 21 .50 300000.OC 1008.15 1007.47 999.42

27 22.00 300000.OC 924.91 921.59 908.93

28 22.50 3000C0.0C 855.29 856.80 849.56

29 23.00 300000.00 802.92 810.67 802.00

NEOPENTANE 25C

SECTION 3, 4.000 DEGREE DIVERGENCE SLIT.

RAW INTENSITY IN COUNTS PER MINUTE

H THETA COUNTS 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN

1 22.00 500000.00 4362.68 4324.32 4323.39 4405.61 4350.98

2 22.50 500000.OC 4101.72 4058.44 4074.70 4132.80 4107.62

3 23.00 500000.00 3906.50 3842.21 3843.44 3929.79 3916.70
4 23.50 5000C0.0C 3695.95 3673.54 3695.72 3722.55 3728.33

5 24.00 500000.OC 3566.97 3509.80 3524.85 3562.31 3570.37

6 24.50 500000.OC 3419.58 3393.86 3397.51 3452.84 3443.13

7 25.00 500000.00 3311.26 3262.11 3300.51 3313.64 3294.53

8 25.50 500000.OC 3171 .08 3140.21 3157.06 3202.56 3201.37

9 26.00 500000.00 3043.68 3016.59 3028.93 3079.29 3069.68

10 26.50 500C00.0C 2919.14 2894.36 2907.40 2923.55 2936.28

II 27.00 500000.OC 2772.00 2751.03 2768.93 2806.23 2771 .87

12 27.50 500000.OC 2651.11 2625.02 2632.96 2674.75 2649.59

13 28.00 500000.OC 2502.40 2473.51 2493.56 2514.88 2497.50
14 28.50 500C00.0C 2371 .92 2335.27 2359.42 2380.29 2357.84

15 29.00 500000.00 2235.72 2188.90 2225.11 2256.15 2235.64

16 29.50 500000.00 2C92.20 2066.04 2081.31 2129.62 2095.63
17 30.00 500000.OC 1967.79 1953.76 1985.05 2008.10 1973.81
18 30.50 500000.00 1871 .96 1844.79 1867.36 1386.02 1875.94

19 31.00 500000.00 1769.44 1744.29 1770.12 1797.97 1737.95

20 31 .50 500000.GO 1695.25 1682.84 1692.00 1714.87 1697.02

21 32.00 500000.00 1601 .97 1600.21 1604.62 1650.66 1629.11

22 32.50 50C000.0C 1552.96 1538.42 1552.55 1575.63 1558.48

23 33.00 500000.00 1490.57 1481.23 1501.69 1510.12 1497.34

24 33.50 500000.00 1445.75 1425.38 1449.70 1469.51 1461.28

25 34.00 500000.00 1402.69 1395.84 1394.51 1419.78 1411.86

26 34.50 500000.OC 1350.07 1346.44 1364.88 1376.40 1369.02

27 35.00 500000.00 1314.58 1310.44 1318.71 1340.33 1419.85

28 35.50 500000.00 1270.30 1270.11 1269.73 1296.99 1281 .91

29 36.00 500000.00 1234.90 1231.76 1239.13 1244.01 1236.22

30 36.50 500000.OC 1 190.76 1 186.83 1195.36 1207.15 1197.82

31 37.00 500000.00 1 148.81 1148.57 1151.15 1 175.99 1165.50

32 37.50 500000.OC 1 121 .68 1113.88 II13.36 1 132.80 1122.23

33 38.00 500000.00 1074.86 1071.45 1074.42 1097.59 1090.00

34 38.50 500000.OC 1045.57 1039.88 1038.87 1062.04 1058.84

35 39.00 500000.00 1016.29 1016.97 101 5.21 1030.59 1023.40

36 39.50 500000.OC S89.C9 996.05 992.60 1007.27 1000.33



N THETA COUNTS 1 RUN

37 40.00 500000.OC 965.16

38 40.50 500000.OC 953.90
39 41.00 500000.00 945.33

40 41 .50 500000.00 933.16

41 42.00 500000.OC 931 .68
42 42.50 500000.OC 926.43

43 43.00 500000.00 921.98
44 43.50 500C00.0C 929.37
45 44.00 500000.OC 934.90

46 44.50 500000.00 939.33
47 45.00 500C00.0C 94C.87
48 45.50 5C00C0.00 945.64

49 46.00 500000.00 955.69

50 46.50 5000C0.0C 953.59
51 47.00 500000.00 953.67
52 47.50 5000C0.0C 951.73
53 48.00 5C0000.0C 951.17
54 48.50 500C00.0C 949.23

55 49.00 500000.OC 942.95
56 49.50 500C00.0C 932.55
57 50.00 500000.OC 932.68

58 50.50 500000.OC 932.82
59 51.00 500000.00 936.43

60 51 .50 500000.00 940.07

2 RUN

967.91

948.63

940.I 9

927.86

929.93

923.69

924.74

926.97

926.I I

939.35

941 .1 5

948.39

949.02

953.88

952.73

949.98

951.22

944.21

939.53

935.1 6

932.52

929.89

930.67

931.45

3 RUN

966.53
958.15

945.02

929.83

932.76

929.89

929.51

931 .23

938.78

91+0.28

944.42

950.59

946.96

950.53

960.08

960.14

956.50

948.95

946.48

934.83

937.00

939.19

938.79

938.41

4 RUN

936.08

965.16

957.01

947.81

934.20

937.53

933.55

935.91

940.73

950.53

949.35

959.52

962.60

962.09

961.69

958

961

951
949

945

942
939

71

92

32

80

33

63

95

939.94

939.94

NEOPENTANE 25C

SECTION 4, 4.000 DEGREE DIVERGENCE SLIT.

RAW INTENSITY IN COUNTS PER MINUTE

5 RUN

975.05

965.94

952.41

933.02

928.98

935.60

933.62

934.81

951.08

953.73

952.46

957.73

959. 19

963.36

965.67

960.71

960.20

947.93

953.62

945.25

951.44

936.49

9 39.35

945.69

N THETA COUNTS 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN

1 49.50 500000.OC 660.07 614.24 626.37 642.46 664.49

2 50.50 500000.OC 643.22 595.50 607.00 625.53 643.02

3 51 .50 500000.OC 626.50 583.67 594.52 606.83 629.40

4 52.50 500000.CC 613.6C 568.79 534.07 590.81 611 .55

5 53.50 500000.OC 606.97 567.C5 576.70 590.17 607.34

6 54.50 500000.OC 602.35 566.83 570.66 585.44 604.50

7 55.50 500000.OC 606.83 568.90 576.50 590.26 605.36

8 56.50 500000.00 61 1.43 581.07 584.97 599.90 616.20

9 57.50 500000.OC 623.90 588.85 594.06 605.98 624.54

10 58.50 500000.OC 637.83 598.64 607.07 619.51 6 39.24

It 59.50 500000.OC 655.68 612.70 625.41 635.26 651 .10

12 60.50 500000.00 673.45 627.47 642.12 652.20 669.81

13 61 .50 500000.OC 690.28 645.36 661.39 665.56 682.59

14 62.50 500000.OC 7IC.37 675.71 633.33 690.55 701.94

15 63.50 500000.OC 727.67 693.99 697.50 722.15 720.82

16 64.50 500000.OC 751 .53 714.01 712.1 6 732.23 744.72
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N THETA

53 20.50

5U 2 1.00

55 21.50

56 22.00

57 22.50

58 23.00

59 22.00

60 22.50

61 23.00

62 23.50

63 2U.00

6U 21.50

65 25.00

66 25.50

67 26.00

68 26.50

69 27.00

70 27.50

71 28.00

72 28.50

73 29.00

71* 29.50

75 30.00

76 30.50

77 31.00

78 31.50

79 32.00

80 32.50

81 33.00

82 33.50

83 3U.00

84 34.50

85 35.00

86 35.50

87 36.00

88 36.50

89 37.00

90 37.50

91 38.00

92 38.50

93 39.00

9U 39.50

95 1*0.00

96 1*0.50

97 1*1.00

98 1*1.50

99 1*2.00

100 1*2.50

101 43.00

102 1*3.50

103 1*1*.00

101* 1*1*.50

105 1*5.00

106 1*5.50

107 46.00

108 U6.50

109 1*7.00

I 10 1*7.50

III 1*8.00

I 12 1*8.50

192

337

1*80

62U

766

909

62U

766

909

05 1

192

332

1*73

7.612

7.751

7.890

8.C27

8. 161*

8.301

8.1*37

8.572

8.707

8.81*1

8.971*

9. 107

9.239

9.370

9.500

9.630

9.759

9.887

I0.CI5

10.142

10.268

10.393

10.517

10.641

10.761*

10.886

.007

.127

.2U7

.366

.1*83

.600

.716

.831

.91*6

12.059

12.171
12.283
12.393

12.503

12.611

12.719

12.826

12.932

13.036

13. 11*0

I3.2U3

DIV.

2.00

2.0C

2.00

2.00

2.00

2.0C

U.00

4.00

U.00

u.oc

u.on

u.oc

u.oc

u.oc

u

u

u

u

u

u

.00

,00

.00

,00

,00

,oc

u.oc

u.oc

U.00

U.00

U.DO

u.oc

U.00

u.oc

U.00

u.oc

U.00

U.00

u.oc

u.oc

U.00

U.00

u.oc

u.oc

U.00

u.oc

u.oc

u.oo

U.00

U.00

u.oc

u.oc

u.

u,

u,

1*.

u.

u.

u,

u.

00

00

OC

OC

00

00

OC

oc

u.oo

u.oc

u.oc

u.oo

u.oo

u.oc

I, RAW

I232.3U

II I 0.06

1005.00

918.U2

853.87

805.18

U353.19

UC9U.89

3887.37

37C3.II

35U6.69

3U2I.22

3296.31
31 7U.27

30U7.U5

2916.C8

2773.9C

26U6.58

2U96.30

2360.85

2228.C8

2092.75
1977.5U

1869.11

1773.76

1696.33

I6I7.C8

1555.52

IU96.I3

IU50.I7

IU0U.87
1361.27

1339.58

1277.72

1237.19

1195.5U

II57.90

1120.75

1081.57
I0U8.95

1020.U6

997.03

972.D9

958.31

9U7.95

93U.28

931 .51

930.6C

928.66

931.65

938.25

9UU.60

9U5.63

952.3U

95U.65

956.66

958.7U

956.23

956.18

9U8.32

BKG. POL. PEN. I,CORR. ERROR

U.60

U.60

U.60

U.60

U.60

U.60

U.OO

U.OO

U.CO

U.OO

U.CO

U.OO

U.OO

u.oo

u.oo

U.CO

U.CO

u.oo

u.oo

U.CO

U.CO

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

U.CO

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

U.CO

U.CO

u.oo

u.oo

u.oo

u.oo

u.oo

u.oo

U.DO

u.oo

u.oo

u.oo

U. OC

u.oo

u.oo

u.oo

u.oo

0.79

0.73

0.77

0.77

0.76

0.75

0.77

0.76

0.75

0.7'*

0.73

0.72

0.72

0.71

0.70

0.69

0.6B

0.69

0.67

0.66

0.65

0.6'+

0.6'*

0.63

0.62

0.62

0.61

0.60

0.60

0.59

0.5 9

0.5B

0.57

0.57

0.56

0.56

0.55

0.55

0.5*

0.5U

0.5H

0.53

0.53

0.53

0.53

0.52

0.52

0.52

0.52

0.52
0.52

0.52

0.52

0.52

0.52

0.52

0.52

0.52

0.52

0.52

0.23

0.23

0.22

0.22

0.22

0.2 I

0.38

0.38

0.37

0.37

0.36

0.36

0.35

0.35

0.35

0.3U

0.3U

0.3U

0.33

0.33

0.33

0.33

0.32

0.32

0.32

0.32

0.31

0.31

0.31

0.31

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

6677.76

6177.72

57U2.02

5385.28

5136.81

U968.25

14932.37
IU382.13

I 3976.UI

I 3625.75

I 3352.59

13175.U5

I 2981.93

12781.

I25UI.

12262.

1191U.95

I 1608.67

I I I 77.1*8

10787.50

I 0385.7U

99U7.53

9581.98

9228.UU

3920.27

9685.73

3U26.UU

B2U5.52

3063.72

79U3.36

7816.6U

7689.U5

7678.UU

7U26.82

7239.UO

7133.87

699U.02

68U8.2U

6681.15

65U6.23

6U29.U6

6337.65

5229.U3

6186.88

6161.09

6108.21

6121.71

6IU2.76

6152.16

6189.50

62U6.18

6296.30

6305.70

63U8.I2

6355.86

6356.U3

6352.32

6312.72

528U.58

6200.UI

.OU

.UU

.28

12.

9.

9.

21 .

20.

19

I I .28

10.1*8

9.83

19.77

19.27

18.88

18.63

18.36

18.08

I 7.71*

I7.3U

16.85

I6.U2

15.81

15.26

IU.69

IU.07

13.55

13.05

12.62

12.28

I I .UO

I I .23

I I .05

10.87

10.86

10.50

10.31

10.09

9.89

9.68

9.U5

9.26

9.09

8.96

8.81

8.75

8.71

8.6U

8.66

8.69

8.70

8.75

8.83

8.90

8.92

8.98

8.99

8.99

8.98

8.93

8.89

8.77

N S I, SCALED ERROR

51 6. 192 6677.76 12.1 9

52 6.337 6177.72 1 1 .28

53 6.U80 57U2.C2 1 0.U8

5U 6.62U 5363.66 9.83

55 6. 766 5141.CO 9.38

56 6. 909 U98U.IU 9.07

57 7.C5I U87U.59 6.89

58 7. 192 U776.87 6.76

59 7.332 U7I 3.50 6.67

60 7.U73 U6UU.27 6.57

61 7.612 U572.U0 6.U7

62 7.751 UU86.68 6.35

63 7.69D U3B6.8I 6.20

6U 8.C27 U262.56 6.03

65 8. I6U UI52.98 5.87

66 8.301 3998.73 5.66

67 8.U37 3859.22 5.U6

68 8.572 371 5.U8 5.25

69 8.707 3558.72 5.03

70 s. eui 3U27.9U U.85

71 8.974 3301.U6 U.67

72 9. 107 3191.22 U.5I

73 9.239 3107.31 U.39

7U 9. 370 30IU.55 U.26

75 9.50C 29U9. 83 U.I7

76 9.630 288U.79 U.08

77 9.759 28UI.73 U.02

78 9.687 2796.39 3.95

79 I0.CI5 2750. 89 3.89

80 10.IU2 27U6.95 3.88

81 10.268 2656.93 3.76

82 10.393 2607.42 3.69

83 10.517 2552.13 3.61

8U I0.6UI 2502.10 3.5U

es I0.76U 2UU9.95 3.U6

86 10.686 2390. 17 3.38

87 II.C07 23UI.90 3.31

88 II.127 2300.13 3.25

89 II.2U7 2267.29 3.21

90 11.366 2228.57 3.15

91 11.M83 2213.35 3.13

92 11.600 220U.12 3.12

93 11.716 2185.21 3.09

9U 11.831 2190.03 3.10

95 1 1 ,946 2197.56 3.1 1

96 I2.C59 2200.93 3.1 1

97 12.171 22IU.28 3.13

98 12.283 223U.56 3.16

99 12.393 2252.U9 3.1 9

100 12.503 2255.86 3.1 9

ICI 12.61 1 2271.03 3.21

102 12.719 2273.80 3.22

103 12.£26 227U.C0 3.22

ICU 12.932 2272.5U 3.21

IC5 I3.C36 2258.37 3.1 9

106 13.IUO 22U8.30 3.1 8

IC7 I3.2U3 2218.19 3.IU

H
O
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3.2 Reduced Intensity and Radial Distribution Functions. The output of

this program is divided into two parts. The first part lists the reduced

intensity functions, computed from

i(s) =C[(l(s) -Ic(s)] -I fj(s) (3.2.1)
i

where l(s) is the relative intensity I,SCALED listed in section 3.1, I is

2
the correction for incoherent or Compton scattering , C is the scaling

9 O

factor , and }_f.(s) is the part of the scattering ascribable to independent
i

atoms, summed over the stochiometric unit (one neopentane molecule). The

coherent and incoherent form factors for carbon and hydrogen were obtained

3
from the literature . The values of the relative intensities l(s) were

extrapolated at low angle from 9 equal to 2.5 degrees to 6 equal to zero

and l(0) equal to zero.

The second part of the program lists the radial distribution function

(RDF) obtained by Fourier inversion of (3.2.1) according to

2
D(r) = h -rrr p + (2 r/ir)

O

s
max

si(s)M(s)sin(sr)ds (3.2.2)

where p is the uniform number density obtained from the literature , and

M(s) is a modification function included to sharpen the features of the

RDF . The integral in (3.2.2) was evaluated numerically, using the trape

zoidal method; summation was done with the increments in s and r listed.

The modification function used in this study was

M(s) = [I f (s)] 2 (3.2.3;
l

where f refers to the coherent scattering amplitudes of carbon and hydrogen,
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and summation is again over the stochiometric unit. This modification

function removes the average breadth of the distribution of electron density

in the atoms; it also changes the scale so that if i(s) is in electron units,

i(s)M(s) and D(r) are in units characteristic of one molecule.

The physical meaning of the function D(r) has been discussed in detail

elsewhere ' .

The reduced intensity curve, computed from (3.2.1), usually shows a

more or less pronounced low frequency perturbation. This perturbation may

be caused by incorrect data treatment, by the use of incorrect atomic scat

tering factors, or by an apparatus function. It will cause a peak at small

distances r in the RDF. The perturbation can be removed by repeated Fourier

transformations as discussed in ref. 2. The basic assumption is here that

there are no atom pair interactions in the RDF at distances r shorter than

interatomic distances. In this study, all interactions in the RDF shorter

o o

than 1.0 A were eliminated. This includes C-H interactions around 1 A

about which reliable information cannot be obtained by the x-ray diffraction

method, because of the low scattering amplitude of the one electron in the

hydrogen atom.

In the following table the definitions of the terms of the program

are again given in the order of appearance.

3.2.1 REDUCED INTENSITY FUNCTIONS

S is the value (k tt/X) sin 6.

SI*M 1 is the reduced intensity i(s) defined by (3.2.1), multiplied by

s and by the modification function M(s) defined in (3.2.3).

SI*M 2 is the corrected reduced intensity in the same terms as SI*M 1.

ERROR is the statistical error associated with SI*M 2.
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DELTA SI*M is the difference between SI*M 1 and SI*M 2.

3.2.2 RADIAL DISTRIBUTION FUNCTIONS

R is the radial distance in Angstrom.

1)1 is the RDF D(r) , obtained by Fourier inversion of SI*M 1.

Gl is the function G(r) e D(r)/4 Trr p , obtained from Dl.
o

D2 is the RDF D(r), obtained by Fourier inversion of SI*M 2.

o

G2 is the function G(r) e D(r)/4 rrr p , obtained from D2.

ERROR is the statistical error associated with the quantity in the

preceding column.



o

C
C

a

a
o

^
r
*

~
f
-

r*-
o

c
o

cm
cm

•**•
r
-

(
N

.
,
r
^

^
f
^

o
o

i
n

r
^

r
\
j
*

«
^

'^
^

r
^

^
t
r
^

c
c
c
n

^
.
^

c
t
o

C
h

h
^

^
i
m

n
^

nG
c
c

o
rc

in
c
o

r\i
h-*

rc,
o

cr
c^

o
•
—

'^
-
c
c
^

r
c
M

a
m

c
N

jN
}

i
r
,
c
o

o
h

-
c
o

o
'C

C
h

-
c
^

^
<

)
*

H
i
r
i
O

r
v

J
r
-
r
]
C

c
a
'',

>
J
'4

'o
o

o
o

o
o

o
o

o
o

o
.
^

w
,
^

f
-
;
<

N
j
(
N

j
r
^

.
^

»
*

f
i
n

r
^

c
c
t
^

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
«

^
»

^
.
^

-
^

-
^

O
O

O
O

O
O

O
o

O
O

C
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

O
O

o
O

-
-
^

-
-
'i

-
H

*
-
i
*

>
j
r
s
J
(
N

i
r
\
i
r
O

^
N

j
-
>

J
>

t

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

I
I

I
I

I
(

f
f

I
I

I
I

I
I

I
I

t
I

I
I

I
I

I
I

I
I

t
I

I
I

I
I

I
t

I
(

I
I

I
1

I
I

I
I

I
I

I
I

I
I

I
I

I

rtr,
n

i
1

0
.

C
T

f
-*

•
•

*•••*
m

m
.
/
\

i
!*•*

.*
-

.4
-

»•-_
r
\
i

»+
•

I
r
\

.
n

•
i*~i

i
*

<
\

.
n

(""*>
-+

•
r<

r\
e
r>

fT
*

h»_
*
.
♦

/—
i

.
t
i

ir>
>■♦-

•
i
n

i"-"^
i
r
\

m
•

tr>
_

j
*"»i

«
*

\
K

-.
fT

"
>

+
».+

•
r
r
\

i("\
r*

-
>

t
o

o
i
M

i
n

o
,-

}
,H

C
i
r
i
c
o

«
O

r
-
i
a
,-

f
^

•
N

r
v

j
^

L
n

^
^

o
^

r
r
i
'O

O
>

t
r
^

r
^

^
o

o
^

u
^

0
>

o
c
n

c
x

i
r
v

j
r
^

>
t
^

r
-
-
r
'>

r
n

c
r
'i

r
i
o

^
c
o

m
a
v

N
M

*
o

a
o

t
r
i
>

4
-
r
-
i
i
P

O
i
A

c
o

r
H

t
r
,

.-i
cr>

r*i
f~-

0s
lA

in
*D

\D
N

C
O

n
-

(T
n

fH
t\J

(\J
r\i

t\l
r\i

(T
i

tr,
*±

-J"
*fi

r--
c
r

>
t

>
t

C
O

Ifi
N

O
O

O
O

r
^

f
^

r
0

r
<

i
^

O
O

O
O

"
r
H

^
!
.
^

O
O

O
O

O
O

O
O

c
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
c
o
o
o
o
o
o
o
o
c
c
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

x
c
o

c
r
r
\
j
^

r
-
i
i
n

c
o

c
o

t
A

(
N

j
^

f
j
>

(
\
j
f
<

;
i
r
i

N
^

t
^

c
0

^
^

a
r
^

c
I
)
o

c
o

^
^

^
•
l
/
^

o
o

l
^

o
^

o
^

o
c
^

^
^

N
c
o

^
^

c
o

^
4

•
•
-
^

c
o

<
|^

'r
v

o
^

,
-
t
,
f
l

*
f
^

>
^

r
H

>
o

^
s
t
<

>
^

-
^

u
^

o
o

c
O

r
H

r
^

r
M

O
u

>
u

~
'f

-
H

^
h

-
-
4

-
o

»
-
^

O
O

O
s
O

^
H

^
H

^
'

c
c
o

^
^

r
^

o
O

r
^

O
a
^

c
o

r
^

^
f
^

^
O

^
c
v

j
c
^

O
N

O
r
n

00
O

O
O

O
O

O
O

O
O

O
O

O
O

^
r
O

r
O

^
o

O
O

O
O

O
r
H

-
H

W
t
-
H

^
O

O
O

O
O

O
o

O
O

O
O

O
O

O
O

O
O

O
O

O
o

O
^

^
r
N

*

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

I
1

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
t

I
I

I
I

I
I

I
I

I

_
,

i
r
^

o
o

o
o

o
o

o
o

o
o

^
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
c
o

s
f
r
s
i
r
o

^
>

^
r
o

o
c
o

^
^

^
^

o
o

o
o

>
o

i
r
s
r
^

o
*

^
o

o
o

o
o

o
o

o
o

o
o

o
m

i
A

^
-
'^

r
r
>

o
o

o
o

o
o

o
o

o
o

o
o

o
o

H
^

i
^

>
t
<

£
>

t
>

J
^

-
-
^

^
*

^
^

^
^

'^
l
^

r
^

i
n

^
i
n

c
h

>
o

>
t
i
^

r
r
t
C

^

i-h
O

H
N

f
\
i
m

m
(
^

r
O

r
o

r
^

f
N

O
N

H
h

H
i
P

^
H

t
n

a
)
(
>

O
H

H
H

H
H

f
^

f
M

O
o

o
(
^

i
7

,
c
o

c
o

t
>

^
i/>

o
O

O
O

O
O

O
O

O
O

O
O

O
O

^
r
^

^
r
^

O
O

O
O

O
^

r
H

W
^

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

I
I

t
I

I
I

I
I

I
I

I
I

t
I

1
I

I
I

t
I

I
I

I
I

I
I

t
I

I
1

I
t

1
I

I
I

I
I

I
I

t
I

t
I

I
I

N
i
r
\
(
*

i
O

a
>

>
o

-
t
H

i
7

'N
'J

-
(
N

)
O

N
i
n

r
^

H
C

O
o

^
^

a
'
h

'
t
M

o
r
*

-
m

r
^

o
c
o

M
D

m
r
-
i
o

*
i
>

o
^

-
t
-
4

r
-

r\j
r*-

cm
i**-

<
\|^

-
<

^
J
^

-
^

^
J
^

•
-
r
\J

^
-
^

\i^
-

o
o

o
o

o
o

o
o

o
o

o
o

-
ir

M
C

\if
N

jr
M

r
M

,r
\J

r
M

<
N

f
N

ir
\jf

^
r
g

f
v

jr
n

r
*

^
f
*

^
r
n

r
O

f
^

f
r
i>

t

cm
r
o

^
J
-
to

g
o

r*
-c

o
o

v
'0

*
-*

fM
f*

~
.-4

"
tn

<
)
r
^

c
o

^
O

f
^

r
M

r
n

<
f
L

n
M

D
^

c
x

>
c
^

O
w

r
\
j
r
o

>
t
i
n

M
3

^
H

H
H

H
i
-
i
H

H
^

H
C

N
j
r
v

W
N

r
M

(
M

^
(
\
j
N

(
\
r
<

i
m

f
n

f
O

r
o

r
o

r
O

r
^

*j-
-4

-"
4

"
^

t
vj-

in
in

in
in

in



o

v
D

\T
\

f\i
in

-4-
m

<}•
rr-

o
so

co
r">

r*
c^

r-
f<

i
-4-

<J•
of>

>
t

<
v

-J-
r-

f
j

o
f
v

o
c\j

a
O

c*i
t\i«

O
rr,

^
.
-
i
N

C
c
o

^
h

O
cv

cm
o

o
•-4

•-'
n

j
N

cc
c

^
r
i

f
-o

h
o

ry
h

O
i

<
"'

cnj
<4*

(v
a

m
en

-4-
in

m
o

r-
o

nj
m

o
cr

^c
h-

o
m

o
oo

r"1
o

4-
.-t

^
c

ff.
o

^
r-

r-<
r\i

^
^

a
'

-t
cc

a
'

o
o

in
-
t

£
o

i
f
^

re.
-<

in
^

o
n

r<-,
h-

r-
m

v
f-4

"
r**-

*.-.
o>

c
r

in
in

^
f
f
O

S
C

S
C

c
t
r
-
'I

^
v

O
v

O
O

h
N

c
^

-
j
:

n
j

r^
O

co
^

cc
st-

h">
ro,

rn
in

ir
,--.

c
\

c
c

r
f

c
h

it,
in

r<>
a
-

<
m

>
J-

cm
co

-4;
O

1
r*--

tr»
m

r*^
O

f>
g

C
rr^

-r*
-m

^
>

tf,^
C

jD
*

->
^

ir
(
H

>
o

c
o

c
o

r
<

!
N

f
j-

'j-
^

tc
o

,s
O

O
O

-
4

i>
C

if
,

^
f
^

r
^

r
^

^
t
c
c
c
C

'f
^

-
^

^
O

'c
x

^
c
r
O

N
O

^
^

f
v

-
o

o
a
'^

h
-
r
'^

c
c
o

c
c
O

L
n

^
c
c
r
^

c
c
(
^

'C
O

c
o

c
o

-
^

r
^

r
v

j
^

e
c
>

f
r
^

-
0

(
^

<
i

u
^

u
^

<
)
<

i
r
^

^
c
o

c
o

^
a
-

O
O

r
^

^
»-f

r\i
rv

c
\jc

\j<
>

j
p-,

r
^

r
n

r
^

O
C

O
O

O
O

O
O

O
O

r
-
H

-
^

^
i
^

i
,

I
I

I
I

I
I

I
t

I
I

I
I

I
I

I
»

-<
*

H
«—

}

I
I

I
,-«

h
t-H

•—
!

rH
r
-
l

p-W

I
I

I
I

I
1

I
I

I
I

I
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I

r
s
j
u

^
^

x
r
^

.
n

a
,
O

r
^

a
D

r
^

^
o

i
n

<
r
>

t
r
c
r
^

.
^

r
^

u
^

i
^

o
>

d
'-

%
c
^

n
j
c
r
f
\
J
u

^
!
*

^
4

*
i
n

^
^

t
N

i
^

i
n

^
o

n
j
>

f
f
*

~
<

^
^

N
O

i
n

o
^

r
^

^
^

•4~
-4-

tr>
-4-

co.
M

O
c
o

r
-
.
o

v
D

-
o

^
o

j
t
n

-
t
i
n

^
h

c
o

r
j
'^

o
o

O
f
-
'r

'.
W

f
M

f
<

l
^

l
n

^
x

o
,

(
\
i
r
\
i
^

^
t
n

>
o

<
i
^

c
c
^

o
-
H

^
i
^

^
C

7
'H

m
^

a
}

H
f
^

>
o

c
o

r
n

f
n

f
^

r
n

m
<

^
r
n

c
^

o
j
c
v

j
r
M

'r
\
j
c
^

c
^

r
\
j
f
M

n
g

,
(
^

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
c
o
c
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
o
o
o
c
o
o
O
O
O
O
O
O
O
O

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

f
j
-
O

f
M

-
t
W

i
T

^
O

in
4*

<
:

f
j
W

r
O

h
v

T
^

O
^

^
-
0

-
C

C
D

^
o

^
^

i
n

O
^

O
H

h
^

w
>

t
f
f
i
^

,
t
a
3

H
(
?
a
i
A

i
n

r
O

r
n

r
^

r
^

i^
^

^
r
^

L
n

r
r
ii/^

^
^

r
g

o
>

n
jc

r
r
-
^

c
o

^
-
<

3
^

o
C

r
H

^
o

^
^

o
^

^
O

n
'i^

c
o

4
'c

<
>

f
n

r
^

o
N

u
i^

r
v

jt!
\io

g
^

-
»

c
r

c
j
^

u
^

o
^

i
n

^
r
N

j
^

t
^

s
O

r
-
i
c
^

o
O

c
o

o
r
o

-
4

-
c
r
c
r

-0
o

m
vO

a>
cd

h
c

-o
o

r--
<

^
o

c
o

^
.
^

c
r
r
^

^
^

r
^

o
u

^
c
\
j
r
^

o
n

j
r
\
j
c
o

^
^

O
M

?
4

-
r
\
j
N

O
^

>
4

M
^

{
^

r
N

jo
^

o
^

f
^

^
u

^
o

«
^

^
^

M
D

<
N

jc
o

^
»

^
*

^
c
^

<
)
M

o
r
-
-
r
-
-
L

r
.

l
n

L
i
^

^
f
l
n

L
n

<
l
<

)
^

^
c
C

H
c
o

^
^

t
^

l
0

^
r
^

O
f
f
l
l
O

^
•
^

t
»

^
•
l
^

l
r
f
^

o
l
n

H
O

l
n

c
o

H
f
s
j
^
r
M
-
^
^
O
O
O
f
^
r
v
j
r
o
C
N
J
r
H
^
^
i
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
-
^
O
O
O
O
O
O
O
-
^
^
i
H
^
r
^
^
P
H
r
^
^
r
H
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
C
O
O
O
O
O
O
O
O
O
O
O

t
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

0
0

0
0

0
0

0
0

0
<

^
0

^
0

0
<

^
O

O
O

O
O

C
7

'a
^

O
<

^
(
T

,
O

C
r
'O

O
O

O
O

O
c
^

O
O

O
O

O
O

o
O

O
O

O
O

C
)
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

<
^

O
C

T
O

O
a
O

O
O

O
O

O
C

7
v

O
(
^

0
>

0
0

>
O

O
O

O
O

O
O

^
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
c
v

j
r
-
.
^

o
r
^

o
<

>
-
^

^
o

c
r
o

^
o

o
^

o
o

o
o

o
c
r
^

o
^

^
o

c
^

o
o

o
o

o
o

^
o

^
o

^
O

L
n

o
-
^

v
^

^
^

r
^

r
^

^
c
c
i
i
^

c
o

r
^

^
o

i
n

<
)
c
o

r
^

M
J
i
n

r
o

^
r
r
\
r
^

H
>

o
m

c
N

jt\ir
o

o
^

c
o

c
O

s
f
r
^

^
o

o
a
ic

c
r
^

s
O

<
>

u
^

in
u

^
ij^

^
s
O

in
M

w
(
N

jo
r
^

^
^

^
m

v
j

in
c
o

o
^

r*-
.-t

-o

o
o
o
o
o
o
o
o

I
I

I
I

I
I

I
I

I
I

I
I

I
t

I
I

t
1

t
I

I
I

I
I

I
I

I
I

I
1

I
I

I
I

I
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

I
I

I
I

I
t

I
I

I
I

I
I

I
I

I
I

f
I

I
I

I
I

I
I

r
^

^
O

r
^

C
N

j
r
^

c
N

j
r
^

O
^

N
O

C
^

^
O

^
r
^

r
^

C
N

J
^

O
r
^

^
f
r
^

f
^

c
o

^
^

^
v

O
r
^

u
^

0
^

n
^

r
^

c
X

)
f
\
j
v

O
O

u
^

c
n

'^
f
^

r
w

i
r
i
O

s
r
\
j
^

o
r
^

r
^

o
^

f
^

ro
^

j-
-o

r*-
a^

o
•-<

ro
s
t
<

>
i
^

^
O

r
H

r
^

^
^

r
^

c
o

o
-
^

c
^

^
t
n

r
^

a
D

^
^

r
v

j
r
o

i
^

u
^

u
>

i
n

i
n

u
^

<
)
M

O
v

O
N

O
^

<
>

^
f
^

i
^

f
^

r
^

r
*

-
r
*

-
p

^
c
c
'C

o
c
o

c
o

c
o

c
o

c
o

T
O

ir
g

r
\j<

N
i(

\jn
jc

\jc
\jr

M
i

i
n

v
O

^
<

O
^

O
^

r
\
j
r
^

^
u

^
^

|^
c
o

^
O

r
^

c
\
J
r
n

^
t
f
^

M
O

f
^

i
r
s
i
n

u
^

i
n

i
n

^
<

j
v

O
M

O
^

<
)
^

v
O

<
)
<

)
r
^

r
^

r
^

i
^

r
^

f
^

f
^

r
^

f
^

r
^

c
o

c
o

c
^



W
W
U
J
O
J
U
)
\
j
J
C
>
J
|
\
j
N
'
r
o
N
)
K
)
r
\
J
'
>
J
K
)
N
j
r
>
J
t
-
'
H
-
h
-
H
-
h
-
H
-

o
u
i
-
*
>
u
>
r
u
>
-
'
O
*
0
o
°
^
i
o
u
i
-
*
*
u
>
r
o
*
-
'
O
*
o
a
>
^
j
o
s
'
j
i
.
*
N

u
i
u
i
O
i
u
i
v
n
u
i
\
j
i
.
*
>
.
*
N
.
p
*
.
*
N
.
*
N
.
*
N
u
>
u
J
U
>
0
J
w
u
>
u
J
U
i
o
j
r
\
j

o
^
r
y
a
j
-
p
-
v
o
-
p
-
a
o
i
—

.
(
-
-
4
,
r
>
.
-
o
j
.
*
s
.
f
.
*
s
.
*
s
*
-
n
-
t
-
.
*
s
.
*
*
.
e
u
J

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

I
I

I
I

I
I

I
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

0
0
0
0
0
0
0
0
0
0
0
0
0
<
-
t
-
'
>
-
'
*
J
>
-
0
0
0
0
0

_
K

^
*

v
H

H
O

H
u

4
iu

i^
f
-
0

(
y

\j
iW

h
'^

v
O

O
'U

if
y

H
^

O
'W

m
O

'U
t
H

^
O

O
O

^
C

D
^

O
H

s
j
-
g

H
O

U
l
O

D
^

W
*

j
i
o

o
v

i
u

u
M

U
H

a
^

^
u

i
o

o
o

o
o

H
U

i
o

o
u

i
H

•*
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

—
'

I
I

I
I

I
I

I
I

I
I

I
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
t
-
f
-
'
l
-
t
-
t
-
l
—

i—
<

—
*

-
.)

-

O
f
-
H

f
y

w
+

>
-
o

v
a
3

a
)
*

D
j
3

^
o

w
o

'U
i
i
>

i
O

y
i
J
i
O

v
+

N
w

o
o

v
O

W
[
y

O
+

X
H

W
O

l9
'C

O
O

-
J
^

H
'O

C
O

O
U

lO
H

W
O

D
O

!
""

J

O
O

O
H

H
O

O
>

ia
3

J
ia

)
H

h
'U

lO
'O

J
0

3
W

^
>

l3
)
H

C
0

^"

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
1

_
.
i
—

t
_

(
-
.
f
-
.
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
o

o
o

o
o

-
o

-
o

^
3

0
'O

a
jc

D
o

O
v

0
4

D
o

o
C

D
O

o
a
o

c
o

a
o

tj
>

o
o

O
O
O
O
O
O
t
M
!
)
~
l
f
'
H
O
i
M
\
m
N
^
^
O
,
o
>
U
l
O
'

I
I

I
I

I
I

I
I

I
I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

m
•
•
«
•
•
.
.
•
•
»
•
«
•
•
•
•
•
»
«
.
.
•
•

r
—

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
t
-
f
f
-

r
j

J
1
0
u
)
l
>
O
u
l
^
-
>
J
U
l
H
^
J
)
0
^
0
3
H
^
^
v
O
J
I
'
J
l
>
J
f
y

o
o

^
-
O
O
O
O
O
O
C
D
O
O
O
O
O
K
J
O
O
O
'
N
J
O
O
O
'
-
'
O
O
U
l
M
i
-
'

"
J

'
\
J
O
N
v
O
O
O
>
U
J
W
,
h
'
r
'
0
3
j
)
>
J
O
,
^
J
)
i
\
J
O
^
!
>
W
O
.

^
-

-
0



18

OBSERVED RADIAL DISTRIBUTION FUNCTIONS, INTERACTIONS FROM 0.0 A TO 1.00 A ELIMINATED.

Gl 01 G2 ERROR 02 ERROR

1 0.0 0.100E 01 0.0 0.100E 01 0.0 0.0 0.0
2 0.050 -0.630E 03 -0.970E--01 -0.162E 01 0.71E 01 -0.250E-03 0.11E-02
3 0.100 -0.567E 03 -0.349E 00 -0.105E 01 0.57E 01 -0.649E-03 0.35E-02
4 0.150 -0.471E 03 -0.653E 00 -0.366E 00 0.38E 01 -0.507E-03 0.52E-02
5 0.200 -0.356E 03 -0. 878E 00 0.180E 00 0.19E 01 0.443E-03 0.46F-02
6 0.250 -0.236E 03 -0.910E 00 0.410E 00 0.14E 01 0.158E-02 0.54E-02
7 0.300 -0.125E 03 -0.695E 00 0.315E 00 0.16E 01 0.174E-02 0.88E-02
8 0.350 -0.344E 02 -0.260E 00 0.318E--01 0.15E 01 0.240E-03 0.11E-01
9 0.400 0.300E 02 0.296E 00 -0.232E 00 0.10E 01 -0.228E-02 0.10E-0!

10 0.450 0.663E 02 0.827E 00 -0.315E 00 0.84E 00 -0.39 3E-02 O.iQE-01
11 0.500 0.775E 02 0.119E 01 -0.181E 00 0.8 7E 00 -O.2 79E-02 0.13E-01
12 0.550 0.698E 02 0.130E 01 0.692E--01 0.85E 00 0.129E-02 0.16E-01
13 0.600 0.510E 02 0.113E 01 0.269E 00 0.68E 00 0.597E-02 0.I5E-0!
14 0.650 0.288E 02 0.74 9E 00 0.286E 00 0.61E 00 0.745E-02 0.16E-C1
15 0.700 0.908E 01 0.274E 00 0.103E 00 0.63E 00 0.310E-02 0.19E-01
16 0.750 -0.458E 01 -0.159E 00 -0.167E 00 0.62E 00 -0.578E-02 0.21E-01
17 0.800 -0.112E 02 -0.443E 00 -0.342E 00 0.5 3E 00 -0. 135E-01 0.21E-01
18 0.850 -0.120E 02 -0.532E 00 -0.284E 00 0.50E 00 -0.126E-01 0.22E-0!
19 0.900 -0.899E 01 -0.449E 00 0.641E--02 0.50E 00 0.320E-03 0.25E-01
20 0. 950 -0.482E 01 -0.268E 00 0.371E 00 0.48E 00 0.206E-01 0.2 7E-01
21 1.000 -0.138E 01 -0.852E--01 0.562E 00 0.42E 00 0.346E-01 0.26E-01
22 1.050 0. 346E 00 0.235E--01 0.379E 00 0.40E 00 0.257E-01 0.27E-01
23 1.100 0.377E 00 0.281E--01 -0.199E 00 0.40E 00 -0.148E-01 0.30E-01
24 1.150 -0.572E 00 -0.466E--01 -0.948E 00 0.39E 00 -0.773 E-01 0.32E-01
25 1.200 -0.151E 01 -0.134E 00 -0.147E 01 0.35E 00 -0.130E 00 0.31E-01
26 1.250 -0.163E 01 -0.156E 00 -0. 133E 01 0.34E 00 -0.128E 00 0. 32E-01
27 1.300 -0.555E 00 -0.578E--01 -0.284E 00 0.35E 00 -0.296E-01 0.36E-01
28 1.3 50 0.151E 01 0.170E 00 0.15SE 01 0.34E 00 0.178E 00 0.3PE-01
29 1.400 0.398E 01 C.480E 00 0.385E 01 0.30E CO 0.464E 00 0.37E-C1
30 1.450 0.606E 01 0.785E 00 0.586E 01 0.30E 00 0.759E 00 0.38E-01
31 1.500 0.713E 01 0.988E 00 0.700E 01 0.30E 00 0.9 71E 00 0.42E-0I
32 1.550 0.689E 01 0.102E 01 0.690E 01 0.29E 00 0.10 2E 01 0. 43 E-01
33 1.600 0. 548E 01 0.864E 00 0. 560E 01 0.27E 00 0.883E 00 0.42E-01
34 1.650 0.339E 01 0.569E 00 0.353E 01 0.26E 00 0.592E 00 0.44E-01
35 1.700 0.129E 01 0.230E 00 0.136E 01 0.26E 00 0.241E 00 0.47E-01
36 1.7 50 -0.233E 00 -0.439E--01 -0.270E 00 0.2 6E 00 -0.510E-01 0.48E-01
37 1.8 00 -0.866E 00 -0.173E 00 -0.966E 00 0.24E 00 -0.193E 00 0.47E-01
38 1.850 -0.641E 00 -0.135E 00 -0.732E 00 0.2 3E 00 -0.154E 00 0.49 E-01
39 1.900 0.110E 00 0.245E--01 0.823E--01 0.23E 00 0.183E-01 0.52E-01
40 1.950 0. 909E 00 0.213E 00 0. 955E 00 0.23E 00 0.224E 00 0.54 E-01
41 2.000 0.1 34E 01 0.329E 00 0.142E 01 0.21E 00 0.350E 00 0.53F-01
42 2.050 0.120E 01 0.310E 00 0.127E 01 0.21E 00 0.328E 00 0.55E-0J
43 2.100 0.580E 00 0.158E 00 0.594E 00 0.21E 00 0.161E 00 0.59E-01
44 2.150 -0.199E 00 -0.567E--01 -0.242E 00 0.21E 00 -0.688E-01 0. 59E-C1
45 2.200 -0.743E 00 -0.221E 00 -0. 811E 00 0.19E 00 -0.242E 00 0.58E-01
46 2.250 -0. 747E 00 -0.233E 00 -0.798E 00 0.19E 00 -0.249E 00 0.60E-01
47 2.300 -0.130E 00 -0.424E- 01 -0.135E 00 0.19E 00 -0.440E-01 0.63E-01
48 2.3 50 0.944E 00 0.321E 00 0.983E 00 0.19E 00 0.334E 00 0.64E-01
49 2.400 0.214E 01 0.758E 00 0.219E 01 0.18E 00 0.778E 00 0.63E-01
50 2.450 0.307E 01 0.114E 01 0.311E 01 0.18E 00 0.115E 01 0.65 E-01
51 2.500 0.349E 01 0.134E 01 0.349E 01 0.18E 00 0.134E 01 0.68E-01
52 2.550 0.334E 01 0.134E 01 0.330E 01 0.1 7E 00 0.132E 01 0.69E-01
53 2.600 0.275E 01 0.114E 01 0.270E 01 0.16E 00 0.112E 01 0.6°E-01
54 2.6 50 0.198E 01 0.855E 00 0.195E 01 0.16E 00 0.842E 00 0.71E-01
55 2.700 0.130E 01 0.583E 00 0.130E 01 0.1 7E 00 0.583E 00 0.74E-01
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h. DISCUSSION

The reduced intensity function for liquid neopentane is shown in Fig. 1;

Fig. 2 shows the corresponding radial distribution function. Distinct maxima

. o

m the RDF at 1.54 and 2.52 A correspond to intramolecular carbon-carbon

interactions; the ratio of these two distances is, within experimental error,

equal to (8/3)S indicating tetrahedal geometry. Distinct peaks which start

at 3.8 A, and are centered around a broad maximum at 6.5 X, must be ascribed

to interactions between atom pairs from different molecules. The intramolecu

lar distances derived from this study are in agreement with values of

1.54 ± 0.02 and 2.52 A, obtained from gas diffraction experiments .

A model structure for liquid neopentane, which gives a detailed descrip

tion of the atomic and molecular configuration in the liquid state, will be

described in a later report.
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