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Introduction
The potential energy of a diatomic moleCule may be expanded
as |
20(r) = Fy(r-r)? + Fy(r-r )% + By(r-r ) + -+ (1)
where F2, FS’ F4) *+- are the quadratic, cubilc, quartic,f'°
force constants and r_, is the eqﬁilibrium internuclear distance.

Another form is

20(r) = 2a052(1 + aig + a2€2 4+ o) - (2)

where ‘
£ = (r-r_)/r, | - (3)

a, = % Fere2 (4)

and a_ = Fnr#e“/F2 | (5)

n
Several textsl_3 discuss in detail the calculation of force
constants from spectroscopic data. The anélysis of vibration-
rotation bands of diatomic molecules is usually based on an

exXxpansion of' the energy levels:

—_ . < 3 4: “ s 0 .
G(v) = w V- aéxevg + oy VT + oz Vo4 (6)
2 4 6 . - |
F(J) = B,PS - D_P* + HP" + , (7)
_ 2 e
where B, = By = o,V + y V™ + _ (8)
and V= (v +3), p° = J(J+1)

In the vibrational term G(V), 1t is ordinarily only necessary to
retain the first anharmonic parameter, D Xy s in addition to the
harmonic vibration frequency, Wy, 3 in the rotational term F(J),

usually only the vibration-rotation interaction constant, Qs

L
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and centrifugal distortion constant, De’ are needed 1in addition

to the rotational constant, B.,. The following relations hold

B to a very good approximation.>?%

2 2 2 2
+ 4mpw “r = For © = 2a, (9)
(h/87°) | “
hre” ’
6B_° |
a, = - —— (1+a1) (11)
3B
_ e 5 . 2
oty = - 2 (o - B0 (22)
2, (13)
D = - - 13
e wGE

From these are obtained the working equations for force constant

calculations:
F, = (5.8895 x 107 )uw ® (14)
Fg = al(Fg/re) | : (15)
2 .
F, = gz(F2/re ) : ) (16)
2 .
-a; =1+ (aewe/GBe ) | (17)
2
a, = (5/4)a1 - (2/3)(wexe/Be) o (18)
The bond length is calculated from .
- ) s
: I, = ur~ = 16.863/B (19)
M The system of units used is:
spectroscopic constants, em™L

@O, X

B ,a
e’ e? e’ ee



reduced mass, W gm/mole

bond length, r. )}

e

force constants,

F, 10° dynes/cm .
Fg 1003 dynes/cm2
F, | 1021 dynes/cm3 :

The tables given in this report were prepared in the course
of an empirical study of the dependence of the force constants
on bond length, described in a previous report,5 UCRL—9537.'

Table I supplements the very extensive tabulation of
spectroscopic parameters given by Herzberg.l Molecules are
listed according to the rows of the periodic table to which the
atoms belong; Data are given for all reasonably well established .
electronic sﬁatéé (not'already listed in Herzberg'!s table) for
which both vibrational and rotational paramecters have been de-
termined. An attempt was made to include all new and revised
parameters published up to December, 1960. However, it should
perhaps be emphasized that Table I is_a much less complete and
critical compilation than Herzberg's. The bibiiography is not
intended to be exhaustive, aﬁd much additional specftroscopic
information has not‘been abstracted. We have not attempted to

review the data critically or to apply various corrections, as

AN

this was unnecessary for our‘study. Herzberg is preparing a
revised edition of his table.
Table II 1lists values of the force constants 215 8p F2,

FS’ and F4 derived from the data given in Herzbefg's table and
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in Table I. The relations (14)-(19) were used throughout. Since
these relations, as well as (9)-(13), neglect terms of order

2 2
B, /we

hydride molecules. These corrections are quite awkward to apply

, small corrections>’? should have been included for the

and require one to estimate the values of a, constants with

n > 2. When this was done by using a Morse potential f;mction,4
the corrections to the force constants were insignificant for
our purposes. Also, thevcorfections generally failgd to bring
the force constants for hydrogen and deuterium isotopes into
agreement. It was therefore decided to omit.the corrections in
the final tabulations, and to list separately valueé of the
uncorrected force constants for the hydrogen and deuterium
isotopes. | -

As shown in UCRL-9537, the force constants Fn are ap-

proximately exponential functions of internuclear distance.

"Table III gives the parameters aij and b in the function

1J

. -(r -a,,)/b
(_l)nFn = 10 e 1j /_ij

These values were obtailned by fitting straight lines to‘éemi—
logrithmic graphs of the déta of Table II. As indicated, each
pair of parameters refers to a given type bf force constant

(n = 2,3,4) for bonds between atoms from rows i and j of the
periodic table. It was found that molecules containing
transition metals bonded to hydrogen or first row atoms required
parameters considerably different from those fér other molecules

in the same row, and consequently the parameters for molecules



with transition metéls are listed separately at the bottom of »
Table III. In determining the parameters, data for ionic and
excitéd electronic states were included but assigned one-fourth
the weight of the data for ground states. For many of the an-
harmonic force constants the uncertainty is several per cent or
more; daﬁa for which the uncertainty is greater than 2@% were

excluded.
In order to indicate the accuracy that can be expected in

using Table III, the aVerage percentage deviation between
observed and caléulated force.constants is given for each of ~
the families of molecules considered. Tne average deyiations
were computed just férvthe ground electronic states. A few
caseg 1in which large, atypical deviations occurred were not
inclucded in the averaées but are listed separately. To obtain
the most reliable estimates Qf fdrce constants for a new.
molecule or a new electronic:state, one should make direct uée
of the data.for related molecules given in Table II, restricting
comparisons to molecules in_which the bond character is similar.
Although 1t has been most convenient to organize the data ac-
cording to rows of the periocdic téble, smooth trends are also
usually found for molecules whose atoms belong to corfesponding

columns.
Since the force constants have an approximately exponential

dependence on the internuclear distance, the relations of Table

ITT are less accurate when used to predict force constants from
known distances than when used to estimate distances from

known force constants. The relative error to be expected in the

prediction of a distance may be approximated by multiplylng the

'

G
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average deviation listed under Table I1I by the factor bij/re5
this varies from about one-half to one-sixth for. the variousv
families of molecules. Thus, Table IIL can sometimes provide
useful estimates of bond.distances of électronic states for
which a vibrational analysis has been made but not a rotational
analysis.

Table IV lists some force constants for polyatomic:
molecules. The predicted values of the cubic force constants
were obtained from the relations of Table III. The experimental-
values were derived from vibration-rotation interaction constants
given 1n the refefences cited in the bibliography. The methods
used were similar to those described by |

'D. M. Dennison, Rev. Mod. Phys. 12, 175 (1940).

s

B. T. Darling and D. M. Dennison, »
' Phys. Rev. 57, 128 (1940). ) | -
J. Pliva, Coll. Czeéhoslav. Chem. Sommuns.
23, 777 (1958). |
A valence force field has been assumed, in which the part of

the vibrational potential due to the stretching of a particular

bond has the form (n = 2,3):

2U = ZnFn(r-re)n + interaction terms

Except for CO, and H,0, the interaction terms had. to be

2 2
neglected in deriving the cubic force constants. Further un-
certainties arise from the experimental error in the vibration-

rotation parameters and normal coordinates which enter into the

calculations. Although 1t seems unlikely that the experimental




cubic constants are in error by as much as 20%, there is no

satisfactory way to make a more specific error estimate.

L

Tables of quadratic force constants for_bohd Stretching in
" polyatomic molecules are given by

Wilson, Decius, and Cross, Molecular Vibrations

‘(McGraw-Hill, New York, 1955), p. 175. ;-

Herzberg, Infrared and Raman Spectra

(D. Van Nostrand, New York, 1945), p. 193.
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Table I. Vibrational and Rotatibnal
Parameters of Diatomic Molecules

State r B a : w wex Ref.

LiH p = 0.881506

> ;

B I 2.378 3.383 0.986 215.5 42. 69
IiD 1 = 1.56535 |
B 2.376 1.908 0.427  "177.28 -29.13 69
CH i = 0.930024
21 1.1202  14.448 0.530  2868.5 64.4 54
24 1.1020  14.930 0.690  2943.0 99.3 54
HFT u = 0.957347
B°zt  2.092 4.027,  0.0216 1156.4  17.2 59
A%st 1,076 15.212 = 0.6746 2977.6  111.91 59
NH @ = 0.940447
x°~  1.037  [16.3454] [0.646] [3125.6] 76
a%m, 1.0 [16.322,] [0.744] [3034.01 786
H-2
PHT W = 0.97636
N 1.548, 7.1955  0.4245  1398.76 - 63
X X°T 1.425, 8.505, 0.240, [2299.60] - 63
S1H W = 0.973080
k 2 1.523 7.470 0.347  1858.13 - 98.73 58
N x%1 1.521 7.498 0.214  2042.47  35.67 58
AlD b = 1.87478 ‘

0311r 1.593 3,545 0.096 1260 - 27




State Te Be e w, w Xo Ref.
et
GeH 1 = 1.14768
a' 1.e11. .551 0.620 1227 -~ 28

X°m"  1.591 .720 0.174 1876 - ‘28
(aBr)t 1 = 0.99558

x%m, 1.448 072y 0. 236, 2450 (50) 25

Alst  1.e84 . 970, 0.247, 1409 (40) 25

1-1

BeO W = 5.76612

st 1.3308 .6510 0.0190  1487.19 11.731 79
F, L = 9.50227 |

'zg S 1.412 .8901 (0.0146) 919.0 (13;6) 79
BN p = 6.16500 o '

()31  1.281  1.882..  0.025  1522.0 12.4 7,80
BF 1L = 6.97245

X'st 1.265, .510, 0.0165  1402.1 11.8, 65

AT 1.3047 .4206 0.0165 1264.9 12.5, 65
C¥ o= T.35693

Yl 1.2708 4130 0.019, 1308., 10.8, 11

B? 1.318 .320 0.025  1191.0 19.4. 11

A5t 1.1516 L7274 0.0260 1764 22 11

Se

<
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State T B-e ag SR Ref.
ot p = 6.46427

£13 1.171 1.803.. 0.032  2670.5 46.9 .35

a's 1.1727 1.8964 0.0188 2033.05  16.}4 35

c's  (1.363)  (1.403)  (0.002) 1265 35
OCN W = 6.46427

%8, 1.414 1.305, 0.020,  1121.76 .203 53
LIF = 5.1254

X's 1.545 1.378 0.01971  906.2 90 86

1-2

c1%°F b = 12.31420

x1s 1.62811  0.51651 - 0.0043588 786.34 .23 21
MeF ~ 10.60470 |

2y 1.75, (0.516) (0.004)  T17.0 .84 79
ClO. p = 11.026 |

n 1.54 (0.646)  (0.007) 868 5 79
AlF  p = 11.1521

x'=t 1.654, 0.55,4 0.004g,  801.95 o 68

Bzt 1.6170 0.5785,  0.004,;  866.60 4. 68

AT 1.644 10.5563,  0.0051; 804.69 .3525 52
NS  p = 9.74115

x°n 1.495,°  0.77364  0.0061, 1204.14 16



Re,f‘.'

State ry B, oy W, w_X
S10 L = 10.18013
atm 1.620 0.6312;  0.00695  852.7; 6.4, 30
Xt 1.509° 0.72725  0.00508 1241.4, 5.9, 30
MgO L = 9.59888 |
127 1,737 o.s822 0.0045  824.05 4.7, >
1n 1.864 0.5056 0.0046 664.4, 3.9 2
(X)'Z+ 1.749  0.5743 0.0050 785.05 5.1g 2
A10 L = 10.0452 o
2gn 1.6176 0.6413;  0.0058,  979.23 6.97 62
251 1.6668 0.6040g  0.0044,  870.05 3.5 62
BS W= 8.19196
A%T 1.8177 0.6229,  0.0059,  748.73 4.62 17
X5, 1.6091 0.79485  0.00605 1180.17 6.31 17
PO W = 10.55138 |
E 1.420 0.792 0.008  (1457.8) - 47
B 1.434  0.7769 0.0095  1166.2 14.10 47
a®st  1.403  0.s121 0.0056  1391.0  7.65 na
X°1 1.447  0.7629 0.0055  1232.5  6.50 47
SiF ©  u = 11.3187
? 1.549 0.621 0.00, 1005.5 5.2, 13
1-3
Br'9F 4 = 15.31710
x*sT  1.75555 0.357165 0.005214 671.9 3.0 21

(l *
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State r, B, ae" g WX Ref.
cse®© 10.4366

xtst .665 0.58; 0.004, 1035.9 4.8 31
ca®9F 14.8980

cln 778  0.358G  0.0053g  542.35 9.5y ; = 57

B3, .T455 0.3715,  0.00305  662.1  1.45 57

Ay 1747 0.37055  0.0030,  663.0% 2.18 57

xist 7754 0.35905  0.0028,  622.2 3.2 57
VO 12.1768

(42A) .672  0.4953 0.0035 865.9 (6.6) 60

(x°A)  1.589 0.5480 0.003¢  1011.56 4.97 60
Ca0 11.4265 |

Bl .950  0.388, 0.005 580 - 39

cls .989  0.3731 0.0032 560.9 4.0 39

Als .906  0.4063 0.00143  (716)  (1.6) 8

(x)'s  1.822 0.4444,  0.00335  732.1 4.8l 8
LiBr 6.4517

xis .1704 0.5548 0.005633 563.2  3.53 36, 83
KF 12.7897 |

xls 17144 0.27994  0.002335 82

1-4

InF 16.30808

ctn .97, 0.2664 0.005;  463.9  7.35 45

831, .9434 0.27378  0.0020,  572.2; 2.63 45

Ao, 1.944g 0.27335  0.0020,  575.2  3.67 45

xts* .984; 0.26247  0.0018;  535.3; 2.63 45



State r, B, Q. w, W X ' .R?f'
Sr0 = 13.5302

1y 2.060  0.2936, 0.0013, 520 - 29

als 2.027 0.3047,  0.0011, (619.6) (0.9) 5

cts 2.132  0.2742 0.0021 480.2 (2.8) 37

xt's  1.923  0.3377,  0.0020,  635.49 3.9 61, 29
zr90018 |, = 13.5836 |

A”(lZ) 1.725 0.4167 (0.0012) 938.1 1.80 4, 56

At(ts) 1.764 0.3986 0.0021 839.2  2.56 4, 56

Br(ls) 1.772  0.3951 0.0019 843.2;  3.04 51, 3

B'(1s) 1.711  0.4241 0.0023 978.07 5.04 51, 3

c2a 1.775  0.3927 0.0021 820.58 .31 38,3,4

2% 1.752  0.4035 0.0021 856.97  3.37 38

X°4 1.728 = 0.4147 0.6021 937.20  3.35 38
AgO = 13.9340

xzns/ 1.998  0.3035 0.00255  490.6 2.9 41

x2H522 2.003  0.3020 0.0025 490.2 . 41
NbO = 13.64998

IOX 1.757 0.4001  0.0019 850.48  3.37 42

X°A"  1.691  0.4321 0.0021 989.0  3.83 42
snt?%1% | = 14.0999 :

alm 1.950 0.31455  0.0025  ~580 3.08 78

xtst  1.832  0.3561 0.0022 822.1  3.73 78
1127616 |, — 14.2090

Agns},2 2.0723 0.27635 10.00275  514.5; 5.5, 81
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State ry Be ey W a)exe Ref.

XZHC},2 1.8676 0.34026  0.002695 681.4, 4.2, 81
LiI L = 6.6505 ‘

xts 2.3919 0.44320  0.004090 498.2 3.3 ~ 36,83
RbF L = 15.5483

xts 2.2655 0.21066  0.001522 75

o o

71°%%F |, = 17.3923

x*st 2.0844 0.223155 0.001500 475.00  1.89 7, 70
Ta0 L = 14.7000

c®a 1.743  0.3775 0.0019 903.01  ~4.15 66

b2 1.744  0.3772 0.0019  897.3 4.1 66

(x)a®A 1.687 0.4029  0.0020  1031.7 5 66
BaO L= 14.3311

(lz2) 2.2847 0.2254 0.0013;  450.4 2.9 9

s 2.133  0.2584 0.0011;  (500) (1.6) 9

(X)lz 1.940 0.31245 0.00130 669.8; 2;054\ 9
CsF L = 16.6276

x's 2.3453 0.18437  0.001105 385 1.24 36

i _

MgC1l w o= 14.23132

25, 2.18 (0.245) (0.001) 465.4 2.05 79
18 L = 14.92589

55" 2.258 0.221, 0.0024  Z407.2 1.7, 55

1s- 2.301 0.213, 0.001g  =404.9 1.1, 55



State r, B, " a, @, W Xy Ref. -
Do 2.0589 0.2664,  0.0021y  513.1, 2.9 20 B
YMoria 2.2313 0.2269 0.0028 439.9 | 3.97 55
xtst 1.9284 0.30363 - 0.014y 749.65  2.58 2
Pg L o= 15.49221
b2T 1.9902 0.2154 0.0017 436,12 2.54 ~ 64
2?1 2.2480 0.2748 0.0017 666.48  2.63 64
xzz; 1.896 [0.3027] [0.0021] [733.4] 74
Py L = 15.49221 |
B'sY  2.122  0.24166  0.00165  475.24  2.633 72
Alﬂg 1.9883 0.27520  0.00169  618.88 (2.97) 72
Xlzg 1.8931 0.30359  0.001477 780.89  2.820 72
S1, L= 14.034
HOSZ  2.663  0.1699 0.00135  271.32  1.99 46,72
D5Hg 2.155  0.2596 0.00155  547.94  2.43 46,72
(X)BZé 2.252  0.2376 0.00135  506.72 1.97 46,72
AlCl L= 15.2350 |
I 2.1041 0.250 0.002 504.35 2,175 15 =
NaCl  u = 13.9517
xts 2.3606 0.21805  0.001610 366.1  (2.05) 36,67
2-3
0a®90135 | = 23.2069
x'st  2.2017 0.149894 0.0007762 365.0 1.1 70 .
Br!9c1%° | = 24.23944 | .
1o+

X2 2.138 0.152469 0.0007745 [430] - 10




I-9
State re Be Qg wé‘ X Ref.
AlBr L= 20.1129
a3n1 2.2610 0.164 0.001 ©410.32  1.75 15
cac1®® . = 18.6804
cn 2.5160 0.14268  0.000747  336.0 1.4 . 84
x?s* 2,439y 0.15156  0,000785  369.0 1.31 84
NaBr ~ p = 17.8589
x1s 2.5020 0.1495 0.0009394 302.1 (i.so) 36,67
KC1 W = 18.6009 |
xts 2.6666 0.1285 0.0007893 281 (1.30) 36,67
2-4
Int5c1%° b = 26.8179
'zt 2.4011 0.109058  0.0005120 317.4 1.01 70
13276135 | _ o7.403a1 |
xtst 2.3207 0.114162 0.000536 384.18  1.465 21
NaI L= 19.4699
xts 2.7115 0.1177 0.0006480 258 (1.08) 36,67
RbC1 = 25,0699 | -
x's- 2.7868 0.08764  0.0004536 228 (0.92) 36,67
2-5
12950135 |, = 29.869
xist  2.4848 0.0913981 0.0003969 287.47  1.24 70
CsCl i = 28.0005
x1s 2.9062 0.07204 0.0003362 209 (0.75) 36,67
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State r. Be e Wy w xé Ref‘._
3-3
¢a®%Br® | = 36.8039
xtst 2.3525 0.0827902 0.0003249 263.0 0.81 70
KBr L = 26.2609
X5 2.8207 0.08117  0.0004025 213 (0.80) 36,67
3-4
In'1%8r’° | = 46.9654
x5t 2.5432 0.0557098 0.0001903 221.0 0.65 70
qa®91127 | - 44.880
xtst 2.5747 0.0569346 0.0001891 216.4 0.5 70
KI n o= 29.8987
xts 3.0478 0.060713 0.0002666 (173) 36,67
RbBr L= 41.3102
X's 2.9448 0.04753  0.0001861 (166) 36.67
3-5
71299879 |, = 56.9982
xtst  2.6181 0.431595 0.0001310 192.1 0.39 70
CsBr w = 49.9194
XTs 3.0720 0.035790 0.0001225 (139) 36,67
| 4-4
Iat191127 | = 60.3207
X12+ 2.7539 0.0368571 0.0001040 177.1 0.4 70
RbT L= 51.0885 | |
_XlZ 3.1769 0.032707 0.0001089 (128) 36,67
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I-11

State r. . Be aq ®, - OX Ref.
712091127 |, ~ 78.4036

xtst 2.8135 0.0271681 0.00006621 (150) 70,7
CsT L = 65.9389

x's  3.3150 0.02363 0.00006818 (101) - 36,67
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Table II. Quadratic, Cubic, and Quartic

Vibrational Force Constants of Diatomic Molecules

1.2311

State . Te -4y as Fo -Fq
H-1

HF x'st  0.9171 2.21 3.24  9.657 23.3 _ 37.2
DF xst 0.9170 2.29 3.78  9.644 24.1  43.3
0D A%st 1012 2.47 5.672 15.8

X2ni 0.9699 2.31 3.74  7.802 1B.6 31.0
01y Aest 1.0121 2.42 5.650 13.5

X°I 0.9706 2.25 3.39  7.793 18.1  28.1
(ol8m)* A, 1.1368 2.48 2.203  4.69

X35~  1.0289 2.28 4.877 10.8 16.8
NT4H cln 1.125  3.45 2.487 7.62

ABHi 1.037 2.47 6.032 14.3

ala 1.043  1.33 5.622  7.19

Xo5" 1.038° 2.27 6.032 13.2
(rt?)* B2zt 2092 1.26 -0.13  0.7566 0.455 -0.22

A%t 1.076 2.45 2.58  4.999 11.4 11.1
ciep c2st 1.1137 2.57 4.368 10.1

B2”  1.1674 4.09 5.521  11.7 -

AZA 1.1031 2.44 4.672  10.3

X°n 1.1188 2.22 3.19  4.485 8.90 11.4
o2y cest 1.1132 2.64 4.368 10.3

B°s”  1.1861 2.24 | 3.541  6.68

ACA 1.1020 2.52 3.49  4.744 10.8  13.6

X°n 1.1202 2.21 . 3.15  4.507  8.91 11.3
(ct?m)t  aln 1.2344 3.04 5.73  1.874  4.62  7.05

xIst  1.1308 2.11 4.111  7.87
slip aln 1.2198 2.86 2.899  6.79

st 2.15 3.05  3.178  5.56  6.39



II-2

State  Te —a as Ty -Fa Fy

iy Blst  1.2149 2.49 3.133  6.43

aln 1.2257 2.38 2.988  5.80

x'st  1.2325 2.13 2.93  3.045 5.25  5.86
(BegD)+ als* 1.6057 1.67 1.166 1.21

x'st 1.3113 1.95 2.33  2.633  5.93_ 3.57
(Bewt)  alst  1.6089 1.60 1.164  1.15

xIs*  1.3122 1.935 2.21  2.636  3.88  3.39
Be H A°T 1.3327 2.04 2.327  3.57

x2st  1.3431 1.97 2.55  2.263  3.32  3.20
11D Bln 2.376  4.46 14.7 0.02897 0.0544 0.0757

alst  2.s859 -1.17 . 0.3016 -0.136 |

x'st  1.5949 1.91 2.46  1.0263 1.23  0.993
1i'u Bln 2.378 4.09 12.6 0.02411 0.0415 0.0537

alst  2.5963 -1.39 . 0.2853 -0.152 '

xls 1.5953 1.88 2.38  1.0258 1.21  0.961

H-2

HE1 2 x'st  1.2746 2.34 3.57  5.158  9.47 11.4
pc13° xIst  1.2749 2.98 4.904 11.5
(Hc1°2)* a5t 1.s138 2.62 1.488  2.58

XEHi 1.3153 2.43 3.22 4,131  7.65  T7.70
(pc12°)t  aPst 1.5149 2.47 1.386  2.27

X°m,  1.3153 2.39 3.898  7.08
$1°8y A°A 1.523 2.93 1.89  1.979  3.80  1.61

X?n,  1.521  2.30 3.42  2.964  4.47  4.38
(p3u)* °n 1.4251 2.27 3.041  4.85

2A 1.5488 2.91 1.125  2.11
(a1°7)* A 1.5913 2.99 1.759  3.30

Xzt - 1.6016 3.34 1.484  3.09



I1-3
state e ! 22 o Fzs Ty
INGLE 0511£ 1.593  2.60 . 1.753  2.87
ctst 1.617  5.49 ©1.113 2.40
alh 1.667 2.75 1.137  1.88
xIst  1.e456 2.28. 3.45  1.622  2.28  2.07
217y clst  1.613  4.22 0.8314 2.17 -
aln 1.6466 4.29 0.6714 1.75
x'st  1.e4822 2.28 3.44  1.620 - 2.24  2.05
(Mg24m)™  alst  2.006  1.77 0.731  0.643

X12+ 1.649 2.42 4.16 1.638 2.40 2.50

(Mg®*p)™ Azt 2.007 1.62 0.731  0.5891

xIst  1.653 2.19 2.70  1.647  2.1782 1.63
Mg4p  c¢ln 1.661  3.75 1.519  3.43

ASm 1.6797 2.25 . 1.461  -1.96

X2s+ 1.7301 2.28 2.95  1.272  1.67  1.25
Mg24H cen 1.682 2.10 -0.6 1.725  2.15  -3.68

AP, 1.6795 2.33 1.479  2.05

x°st  1.7306 2.23 2.60  1.275  1.64  1.11
NaZ%Dp xtst  1.8865 2.09 0.745  0.827
Na®3n  alst 3.208 1.32 0.031 5.487  2.25  0.0166

xtst  1.8873 2.10 2.83  0.782 0.870~ 0.621

H-3
HBr xIst  1.4138 2.39  3.59  4.116  6.96 = T.41
(Br)”* A2st 1.884 2.63 4.19  1.170  1.83  1.73
| x°n,  1.448 2.48 3.56  3.519  6.03  5.98

cu®n pln 1.48  2.51 1.902  3.22

Bzt 1.606 2.73 1.426  2.42

atst  1.s72  2.58 1.686  2.76

x1st  1.463 2.28 3.38  2.200  3.43  3.47 -

NiH X"As 1.4746 2.30 ’ 2.166 3.38



I1-4

State  Te -8, s F, -F Fy

Ge *H 2p 1.611  3.95 1.018  2.50

X1 1.591  2.21 2.379 3.30
7nH .A2nr 1.5108 2.39 0.134 3.38

X°st  1.5945 2.50 2.32  1.511 2.37  1.38
Mn°°H x's 1.7308 2.24 1.295  1.877
ca*%n D°s; 0.62  1.31 0.765  0.381

Bes 1.954 1.82 0.956  0.791

A2Hr 1.99 0.18 | 1.029 1.13

X°s 2.0020 2.14 2.68  0.977 1.04  0.654
k29 xIst ~ o0.044 1.92 1.90 0.562  0.488 0.211
g9 xtst 2.008 2.19 2.9 0.562 0.537 0.31

| H-4

gpi27? xist 1.6041 2.64 4.68 3.142 5.17 5.71
AgH aAlst 1.6415 2.43 1.628  2.41

xIst 1.6174 3.45 11.3 1.822  3.89  T7.84
CaH ART 1.6633 2.54 1.819  2.78

x2st 1.7617 2.76  3.83 1.205 1.89 1.49
Int1°H Bl 1.7610 3.05 1.308  2.27

alst 1.7735 3.74 1.258  2.64

xIst¥ 1.8376 2.43 4.07 1.280 1.69  1.54
SrH cst .04 2.84 1.065  1.48
| pest 2.964 2.10 0.604 0.43

X°st  2.1455 2.21 3.03  0.854  0.880 0.562
RbH alst 3.708 -1.82 0.0351 -0.0154

xtst 2.7 2.23 3.11  0.5149 0.486  0.286

H-5

aul®7y alst  1.67284 2.92 1.647  2.87

xIst  1.s2373 2.57 4.26  3.138  5.284 5.75
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II-5
State  Te B as Fo + -Fg Fy

(HgD)t alst 1.892  2.63  3.73  1.554  2.41 2.02

xIst  1.5937 2.59 3.73  2.443  3.97 3.59
(HgH)* a*st  1.6922 2.63 3.76 - 1.552  2.41  2.04

xIst  1.5943 2.60 4.85  2.444  3.98  4.68
HeD X°s 1.7378 3.400 2.55  1.163  2.7627 0.981
HgH AP, 1.5803 2.63- 2.524  4.20

= .

A%m;  1.5859 2.87 2.521  4.56

x2s¥  1.7404 3.29 3.59  1.137  2.15  1.35
Bi°0% cls 1.96 2.26 1.020  1.18

Bot 1.780 2.90 1.764 2.87

A1) 1.788 2.62 1.788 2.62

| x(0¥) 1.809 2.59 4.27  1.705 = 2.44 = 2.23

B1°99p B(0T) 1.779 2.85 3.90 1.792  -2.87  2.21

X(O+) 1.805 2.61 4.37 1.708 2.47 2.29
T1H ot 2.319 7.13 0.915. 2.82

pot 2.219  8.30 0.866 3,04

cot 1.944 12.34 0.952 6.05

x*st  1.870 2.46 4.39  1.143  1.50  1.43
BaH E°TI 2.18  2.25 0.893  0.92

cos 2.18 1.79 1.032  0.85 _

BeS 2.27 2.19 0.698  0.67

xest 2.23 2.12  2.46 0.810 0.768 0.218

133 1+ ‘

cs133y Als 3.87  0.504 35.2 0.0245 0.00320 0.0579

xIst 2,49  2.15 2.69  0.4675 0.404 . 0.419

1-1

N214 cm,  1.1483 3.00 17.08 - 44.7

B3I 1.2123 2.98 12.40  30.5

Aszi 1.293 2.53 8.798 17.2

b112$ 1.450 1.19 0.233  0.191

all 1.213  3.32 11.81 30.3



II-6

state e p! 22 T F3 F
1ot

x5, 1.084 2.82 5.15 22.96 59.2  99.
(ct%t)* 825t 1.16888 3.70 12.147  38.5

A, 1.24368 3.00 © 9.855 23.8

X5t 1.11506 2.79 4.62 19.803  48.0
(N21.4)+ BEZZ ©1.075 2.81 24.153 63.2 -

X22g 1.1162 2.97 5.47 20.094 53.5
(0,*®)* b42é 1.27953 3.66 6.748 19.3

A2Hu 1.4089 2.54 3.816  6.87

a4nu 1.38126 3.23 5.054 -11.8 o

X2Hg 1.1227 3.22 6.36 16.59  47.6 83.7
cte,te d511jF 1.3960 3.03 5.229 11.3

st 1.088 3.81 19.51  68.3

atdst  1.359 2.83 5.988 12.5

a5nr 1.2093 2.98 12.22 30.1

Bzt  1.120 3.44 17.51  53.7

aln 1.2351 3.09 9.28  23.2

xtst 1.12819 2.70 4.43 19.02 45.5 66.
N14016 st 1.0861 2.83 24.78  65.8

B°I¥  1.385  3.36 4.743  11.5

BZHP 1.448 2.73 4.730  8.92

plst 1.0837 2.63 24.734  61.1

X1 1.1508 2.94 5.37 15.944 41.3  64.
cleyt4 J2Ai 1.414 3.27 6.12  4.791 11.1  14.

B°st  1.1506 3.06 17.830 47.4

A2Hi 1.2327 2.79 12.533  28.4

X°st  1.1718 2.66 4.22  16.29 37.0 50.
(cteni®y+ pls 1.1727 4.93 14.0 27.150 114.  277.

el 1.363  1.21 6.092 5.4

als 1.1727 2.77 3.84 15.736 13.2  46.
pllol6 A2Hi 1.3524 3.06 6.106 13.8

X°s*  1.2049 2.63 4.63 13.656 29.9  40.



II-7
State  Te —23 ay Fa -F3 Fq
0216 BBZ; 1.604 2.91 2.311  4.21
blzg 1.22675 3.21 9.671 25.3
atA.  1.2155  3.14 10.73  27.5 ‘
xszg 1.20740 2.99  5.61 11.76  29.1 45,3
plipl? b33 1.2166 3.09 10.95  27.8 -
a’n 1.3086 2.98 7.1943 16.4
Al 1.3047 2.72  3.49  6.571 -11.9  28.6
xIst  1.2652 2.69 3.82 -8.073 17.2  19.3
ct2pl? B 1.318 3.85 8.71  6.146 17.9  30.8
A°st  1.1518 3.56 7.36 13.48  41.7  T4.8
X1 1.2708 3.06 6.59 - 7.417 17.9  30.2
pliyté A3m 1.326  1.91 -1.84  6.303  9.07 15.1
X1 1.281 3.24 8.13  8.411 21.3  41.7
C, atst  1.2378 2.85 11.83  27.2
clng 1.2730 2.81 11.57  25.5
blﬂu 1.3180 2.76 9.143 19.2
'alzg 1.2422 2.71 ' 12.17  26.6
}33ng 1.5350 4.14 4.328  11.7
Asng 1.2660 2.56 11.303  22.9
xPI. 1.3117 2.73. 4.55  9.523 19.8  25.1
Be201® Blst  1.3820 2.42 6.381 11.3 -
atn 1.4630 2.66 . 4.446  8.10
xtst  1.3308 2.73 4.53  7.511 15.4  19.4
Be Ot Agﬂi 1.3942 2.56 | 4.951 9.11
X5+ 1.3614 2.61  4.40 5.768 11.0  13.7
3%9 Bl 1.282 3.28 7.47  7.270 18.6  33.0
Xlzg 1.412 3.82 8.08  4.726 12.8  19.2
LiF xIst  1.s45 2.57 4.42 2.479  4.12  4.59
B, ASsT 1.e25  2.28 2.850  3.99
x°s~  1.589 2.67 3.74  3.584  6.02  5.31

o=
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State  Te 2y as Fo -Fz Fy
7 1 . o

Li, BII,  2.9364 2.16 0.1503  0.111

AIZ$ 5.1077 1.93 0.1349  0.0838

xlzg 2.6725 1.91 2.00  0.2552 0.182 0.0714

1-2

polpls S 1.420  4.10 13.20 38, ¢

B 1.434 4.05 8.50  8.451 23.9  34.9

A%st 1.403  2.97  4.74 12.597 26.7  30.3

X2 1.447 2.94 5.13  9.440 19.2  23.1
polylé aln 1.5466 3.28 6.913  14.7 -

x'st  1.4910 3.01 5.39 10.52  20.5  24.8
592016 Bos~ 1.775  3.58 2.483  5.00

x°5~ 1.4933 3.09 6.22  7.931 16.4  22.1
Nt4g52 X% 1.4957 2.05 8.318 11.4
(31°8018)* 425 1.5114 4.60 3,943  12.0

7°s 1.5042 4.52 4.342  13.0
5128516 aln 1.620 3.48 8.33  4.359 9.35 13.8

xls 1.509 2.99 5.73  9.240 18.3 . 23.2
cl2s52 aln 1.5732 3.49 5.910 13.1

x1st  1.s5344 2.99 5.85 8.489 15.5  21.1
c1°°018 2y 1.54 3.42  6.94  4.892  10.9 14.3
5128519 ? 1.549 1.87 -1.27 6.739 8.13 -3.57
cl2p3l Best  1.8892 2.88 3.538  6.03

AP, . 1.6871  3:80 5.747 13.1

X°s 1.5621 2.93 5.03  7.831 14.6 16.2
512814 Best 1.5800 4.40 5.844 16.3

est 1.5718 3.04 5.54 7.292  14.1 16.4
pllgde ACT 1.8177 2.90 5.60 2.705  4.32  4.58

X°s 1.6071 2.88 = 5.10 6.720 12.0 13.2
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State  Te R A Fa Ty By
81°701®  a%st 11,6668 2.78 5.75  4.478  7.46 9.27
x°st 1.8176 3.30 6.38  5.673 11.6  13.8
c1®rt®  a%n 1.91 6.29 . 0.723  2.35
xls 1.62811 3.14  4.29  4.484 8.65  T7.26
p1°7el?  glst  1.6170 3.03 2.92  4.932  9.257° s5.51
Al 1.649 3.24. 5.48  4.253  8.34 8.57
st 1.6547 3.12  6.47  4.224 © 7.95  9.98
B'1c1%°  aln 1.6893 3.33 5.351
xls 1.7157 2.93 5.77  3.4733 5.94  6.81
wg?4o®  Bls  1.737 2.2 4.51  3.839  8.45  5.74
atn 1.864 2.99 6.05  2.496  4.01  4.35
xIst 1.749 2.98 s.11 3.484  5.94  7.50
Me2tFl? x5t 1.750 2.80 4.80  3.211 ~5.13  5.04
1-3
yPiplt (82A)  1.672. 3.06 2.81 5.377  9.84  5.41
(X2A) 1.589 2.90 4.53 7.338 14.4 13.2
7148016 05nr 1.695 2.69 4.960  7.88
xn, 1.620 2.82 4.18  7.185 12.5  1l.4
Ge *01®  alst  1.7861 ]
xIst  1.6507 3.15 6.33  7.527 14.4  17.51
c125e80 xlst 1669 2.90 4.90  6.596 11.5  11.6
cu®3rt? gls 1.761  4.95 | 3.715 10.4
X 1.743  4.33 16.5 3.333  8.28 18.1
Br 9719  x st 1.75555 5.58 4.072  12.9
Ga®IFl?d ol 1.778  4.77 10.7 2.581 = 6.83 8.72
BoI 1.7453 3.41 12.0 3.846 7.52  15.1
A3H$+ 1.7476 3.43 10.8 3.857  7.57 13.6
X1 1.7754 3.27 7.4 5.397  6.25  7.99



State e 1 2 Fa 3 4
ca*Qpl6 cls 1.989 3.14 5.25  2.117 3.35  2.81
Bln 1.950 1.35 2.264 1.57
als 1.906 2.02  3.19 3.450  3.65  3.03
xis 1.822  3.07 4.56 3.607  6.08  4.95
sMer’  alm 1.886 4.81 2.314  5.98.
x's+  1.887 2.67 4.09  2.665 . 3.78  3.09
LiBr xist 2.1704 2.73 4.23  1.261 1.59 1.13
1-4
16 o ' |
Nbol6 ACA 1.757 2.68 3.38  5.815 8.88  6.36
X2A 1.691 2.85 4.27  7.863 13.3  11.7 .
zr0l® cSA 1.775 2.88 4.6 '5.387 8.7 7.9
A5 1.752 2.84 4.5 5.875 9.5 8.7
X°A 1.728 4.26 17.3 7.027 17.3  46.8
snol® pist  1.9828 5.79 2.819  8.07
At 1.950 3.44 8.29  2.793  4.93  6.09
xIs¥ 1.832 3,49 8.20 5.612 10.7  13.7
70 A, 2.0723 4.06 7.35  2.216  4.35  3.80
X°0y  1.8676 3.65 8.20  3.886  7.58  9.13
srot® In 2.060 2.31 2.155  2.41
cls 2.132  3.24  6.76 1.837  2.79  2.73
Als 2.027  2.24 4.33 3.053 3.38 3.00
s 1.923 2.95 3.04  3.403 5.20 2.82
nti%pl®  lp 1.970 6.45 23.6 2.067 6.76  12.6
B5n1 1.9438 3.60 9.76 3.145 5.82 8.12
A3HO+ 1.9448 3.59 7.15 3.178 5.87  6.01
xIst  1.9847 3.41 7.83  2.753  4.73  5.47
2gt070t®  x°m,  1.998 3.26 6.94 1.975 3.23  3.44
x°n;  2.003 3.24 6.27  1.972  3.19  3.13
2
Lil xist  2.3919 2.74 4.34  0.983  1.13  0.745

Ead
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state e 23 3 Fa Fs a4
1-5
PpoLo xtst  1.922  3.42 6.60  4.557  8.11 8.14
Baol® (1s2) 2.2847 2.99 2.63 1.712 2.24 .0.863
als 2.133 2.39 2.98  2.110  2.36 1.38
(x)’=  1.940 2.49 3.3¢  3.787  4.857 3.36
1120519 xlst 5 0gaa 3.39- 8.67  2.311 3.75  4.61
csFl? xIst  2.3453 3.09 7.46 -1.452  1.91  1.97
o2
3232 B32; 2.180 3.64 1.719  2.87
XSZé 1.889 3.21 6.48  4.960 8.44 9.01
ASTI¥ 2.28 8.69 75.3 3.373  12.7 48.8
(01235)+ AP 2.30  5.78 26.7 3.286 _8.26 16.6
X1 1.891  3.66 9.6 4.289  8.30 11.5
P! B'st  2.122 s.24 s5.8¢  2.061  3.14  2.67
A123 0.1221 3.24
aln 1.9883 3.30 6.43  3.495 5.80  5.68
Xlzi 1.8943 3.01 5.15  5.556 8.82  7.98
xlzg 1.8931 3.09 5.71 5.564 9.07 8.86
(2, cn 1.9902 3.66 1.735  3.19  3.90
2 2.248  3.50 4.053 6.31 7.17
xgz; 1.896  3.80 4.909 9.86
5128592 35 2.258 5.01 26.0 1.458
'n_'a e.2313 4.99 19.4 1.701  3.80  6.64
1s- 2.301 3.67 13.1 1.441
pln 2.0589 3.60 8.88  2.314
xtst  1.9288 3.02 5.73  4.940  7.73  7.61
01235 A3ngu 2.47 5.8 0.590  1.38
xist  1.998 3.69 6.1 3.287  6.09 5.1



State  Te -8, a5 Fa -Fz F,

m2lc1®® a2 2.1041 3.80 5.75  2.467  4.45 6.80

aln 2.067 7.7 653. 2.211 8.2 2.8

X'zt 2.138 3.7 12. 2.078 3.6 5.5
31228 H32; 2.663 3.11 4.32  0.608  0.712 0.371

DM,  2.155 3.10 5.77  2.48 3.57 _ 3.09

x°s=  2.252 3.02 5.87 2.12 2.85  2.46

g _ >

Na23¢1 xIst  2.3606 3.07 5.48  1.101  1.43 1.08
Na223 'Blnu 3.4130 2.22 0.1038 0.0676

A123 3.639 1.86 0.0936  0.0481

Xlzg 5.0986 1.88 1.27  0.1717 0.105 0.023
Br(9c13%  xIst  2.izs  3.39 2.640  4.18
¢a®9c1%° xist  2.2017 3.102 7.13  1.821  2.57 2.88
a2’sr™® 23 2.2610 3.54 8.57  1.994  3.12  3.34

aln 2.300  5.42 1.046  2.44

x*st  2.205 3.12 11.8  1.693  2.30 3.80
CaCl c2n 2.5160 3.05 5.12  1.242  1.51 1.0l

x?s*  2.439%0 3.10 6.26  1.504  1.91 1.59
NaBr x'st 2.5020 3.12  5.45  0.960  1.20 0.836
KCl x'st  2.6666 3.24 6.37  0.865  1.05 0.775

o4

1127¢135 BSH; 2.61 15.4 0.946  5.62

A5n1 2.7072 2.90 0.710° 0.761

x'st  2.32070 3.63 7.95  2.384  3.73 5.51
%135 x's* 24011 3.28 7.25 1.591 . 2.17 2.00
Na®311eT  xlst 2. 7115 3.01  s5.22  0.763  0.925 0.542
RbC1 xtst  2.7868 3.24  6.16  0.768  0.894 0.609
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II-13
Te TR P o Ty
| o_5
'_ra73016 1.743  3.01 4.0 7.059 12.2 9.3
1.744 3.08 4.0 6.977 12.0 9.2
1.687 3.22 4.8 9.215 17.0 12.6
1120507 30 0.4848 3.38 5.21  1.454  1.98. 1.23
cst95¢c1 2.9062 3.26 6.32  0.720  0.807 0.539
3_3
80 : i
Se,, 2.45  2.90 1.860  2.20
2.157 3.14 4.56  3.613  5.29 3.56
Br! Ipr8l 2.663 5.99 | 0.678  1.53
5.0836 3.26 4.49  2.458  3.51 2.12
6a®%Br7? 2.3525 3.08 5.31 - 1.499  1.96 1.44
KBr 2.8207 3.18 6.07  0.707  0.790 0.892
K239 4.235  2.26 0.0646  0.0345
3.923 2.07 1.16  0.0985 0.0520 0.741
3.4
Int1°pp 2 5.5432 3.26 5.49  1.135  1.45 0.964
cab91127 2.5747 3.10 6.19  1.232  1.49 1.15
RbBr 2.9448 3.28 0.670 0.747
g39rle’ 3.0478 3.09 0.527  0.534
3.5
1120579 0.6181 3.35 8.02  1.239  1.59 1.45
CsBr 3.0720 3.22 0.568  0.595
4-4
12127 3.016 5.25 0.612  1.07
2.6666 4.00 9.06 1.721  2.58 2.19°
Intlorle’ 2.7539 3.26 6.05 1.114  1.32 0.889



I1-14

State e 1 as 2 3 4
RbI xis 3.1769 3.17 0.493 0.492
-~ 4-5
12057127 2.8135 3.24 10.9 1.04 1.20 .43
CsI 3.315 3.05 0.396

S
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Table III. Parameters for Empirical Functions

Relating Force Constants to Bond Lengtha

a b

i3 ; 13 §

J Py Fso By Fp cFz 0y
H 1 1.54 1.58 1.57 0.64 0.48 0.43
H 2 1.80 1.85 . 1.77 0.69 “0.59 0.47
H 3 1.98 2.01 1.89 0.95 0.74 0.54
H 4 2.08 2.07 2.04 0.96 0.74 0.59
H 5 2.09 2.12 2.04 1.06 0.90 0.69
1 1 1.73 1.78 1.81 0.47 0.39 0.36
1 > 2.02 - 2.10 .06 0.53 0.48 0.41
1 3 2.15 2.26 2.08 0.60 0.55 0.34
1 4 2.36 2.41 2.18 0.76 0.57 0.32
1 5 2.47 2.48 2.54¢ . 0.87 0.68 0.68
2 2 .40 2.48 2.35 0.70 0.61 0.46
2 3 .54 2.57 2.53 0.98 0.72 0.70
2 4 2.63 2.70 2.64 = 0.96 0.73 0.51
2 5 2.71 2.81 2.60 1.09° 1.09 1.30
3 3 2.70 2.77 2.66 - 1.12 0.89 1.06
3 4 2.66 2.76 \ 1.46 1.19
3 5 2.73 2.83 1.31 1.05
4 4 2.85 2.95 | 0.94 0.70
4 5 2.84 2.93 1.09 0.78
H 3T 1.82 1.92 - 1.04 0.86
H 4T 1.83 0.75
H 5T 1.77 0.47
1 2T 1.98 | 0.44 )
1 4T 2.15 0.52

%Defined by: re = a4 - by logy, [(-1)"F_] for n = 2,3,4.
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Average Percentage Deviations from Empirical Relations.

1 3 F F F,
H 1 4% 4% 7%
H 2 5 6 5
H .3 6 3 6
H 4 3 12 9
H 5 10 5 15
1 1 7 7 9
1 2 6 8 6
1 3 11 11 15
1 4 10 8 20
1 5 10 13 2
2 2 6 3 10
2 3 10 12 20
2 4 10 13 25
2 5 10 2 5
3 3 12 7 15
3 4 5 6

3 5 3 2

4 4 10 3

4 5 2 15

H 3T 4 2

H 4T 4

H BT 9

1 3T 6

1 4T 5

8The tabulated quantity is the average of

100 x l(Fn)éalC - (Fn)obs1/an]ObS for

each family of molecules.

a

H
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Some Cases Showing Especlally Large Deviations.?

Molecuie F2 F3 F4
(on)* 234 30% 9%
IiH -20 = =23 -9
LiD -15 -24 -12
1ot 22 5 18
DCL)T 30 14 .
ALH 31 15
InH 23 22 43
T4H 38 27 23
BF 21 22 45
F, 04 =31 -33
B, - 44 - -49 -23
I, - 96 -75 -43
S0 25 12 ,' 10
S 4 17 60
(s10) 117 33
CLF 23 11 55
BrF 12 =36
IiBr ~27 -7 -52
GaF 21 22 -2
Ba0 : T 29 . 126
01§ | 19 3 ~14
SE -23 -17 -33
Na, -42 -3 -1
Gacl 21 26 10
GaBr %6 50 35

dmhe percentage deviation is listed for
the ground electronic state.



IV

‘Table IV. Cubic Force Constants for Bond e

Stretching in Polyatomic Molecules

Bond -FS, Cubig¢ Constant
Bond Molecule Length xpt. Predicted
CH CH, 1.09 10 10
HCN 1.06 12 - 12
‘DCN 1.06 11 12 -
HCCH 1.06 11 12
DCCD © 1.06 11 . 12
e HCCH : 1.20 32 30
DCCD - 1.20 33 30
CN HCN | 1 1.16 44 39
DON 1.16 42 39
Co co, 1.16 38.5 39
0cs 1.16 %6 | 39
csS cs,, 1.55 14 14
_ 0CS 1.55 16 14 =
CSe 0CSe 1.71 10 10
CBr BrCN 1.79 6.8 | 7.2
cI ICN 1.99 4.9 5.5
OH H,0 - 0.96 19.8 19.5
NO Né40 1.19 33 33
N1ON140 1.19 33 33 "
NN Né40 1.13 39 46
‘ 15,14 '

N""N" "0 1.13 44 46
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Molecule

CHy

HCN
DCN

HCCH

0Cs -
OCS3e
ICN
BrCN

O 0 i O 7 U0 9 4 5

BIV-1
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf 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, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparétus, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



