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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Correlation with CNDO Charges.

Jack M. Hollander
‘Nuclear Chemistry Division of the Lawrence Radiation
- Laboratory, Berkeley, California 94720
- and

David N. Hendrickson ahd,William L. Jolly
Department of_ChemiSfry df the Uni#ersity'bf California and

. Inorganic Materials Research Division of the Lawrence
~  Radiation laboratory, Berkeley, California 9720

Reéent dévelopments in,phdtoelectron spectroscopy have made

possible the measurement of chémidal_shifts‘in inner-electron binding -

* -
_ This research was supported by the U.S. Atomic Energy Commission.
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energies.l Binding encrgies for ls electrons have been correlated with
| ‘ .

1 K. Siegbahn, C. Nordling, A. Fahlmen, R. Nordberg, K. Hamrin, J. Hedman, Y
G. Johansson, T. Bergmark, S.-E: Karlsson, I. Lindgren agd B. Lindberg,
"ESCA Atomic Molecular and Solid State Structure Studied by Heans Qf}

Electron Spectroscopy,” Almqvist and Wikselis AB, Stockhoim (1967).

. 1,2 SO | T et r1d
formal oxidetion state in sulfur™" end chlorine »3 compounda end wilth

3 A. Fanlman et al., Arkiv Keml, 25, 301 (1966).

ok

2 A, Fanlman et al., Nature, 210, L (1666).

!

_ . | » !
fractional atomic charge (calculated by a modification of Pauling's nethod ')

L. Pauling, "The Nature of the Chemical Bond," 3rd ed., Cornell Univ.

Press, Tthaca, N.Y., 1960, p. 97..

4

SRR R 1
in sulfur™ and nitrogen compounds. s2 We have extended the group of nitrogen

/',"

- Nordberg et al., Nature, 21k, 481 (1967); R. Nordbers et al., : (
i >

et
Arkiv Kemi, 28, 257 (1958).

B e W~ - < Y4 EIENN oy o RKE 3 en s - -
compounas for which nitrogen 13 binding energiles have been messured and

5

]

heve shem Uhat thesze binding ensrgles ars linearly relobed 4o nitrogen.
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atomic charges calculated from CNDO molecular orbital eigenfunctions.'

6 Jde. A. Pople, D. P. Santry, and G. A. Segal, J Chem. Phys., h3,‘5130

(1965). A modlfled CNDO/l version involv1ng emplrically evaluated

repulsion integrals was used, es per P. M. Kuznesof and D. F. Shriver, -

J. Am. Chem. Soci, 90, 1683 (1968). The authors wish to thank Dr. Paul .

KuZnesof fer'hisihelpfulldiscussionsvregarding the calculations.

The CNDO method has been thoroughly checked.bnly for_compeunds ef elementsl
lighter than neon, and therefore at'tnis time we are reporting only the “,5J}7:
data for such nltrogen-contalnlng compounds. : : ;‘ : .?fef;E 

‘The experlmental and theoretlcal aspects of the determinatlon of

1nner-electron blndlng energles have been rev1ewed by Siegbahn et al.

The binding energy (the dlfference in energy'between the Ferml level and.

‘the 1s atomic level for the solid) is caleulatedvby.the'relation

By = By By e

is the incident photon energy, E is the kinetic energy of

hv kin
the photoelectron as it enters the spectrometer chanber, and ¢ sp is the
work functlon_of'the spectrometer materlal. ‘We used magnesium K, X-rays

(1253.6 eV.) and an iron-free double-focusing magnetic spectrometer of

50-cm. radius;7,>Tne wofk function of the spectrometer was determined to

7 5. M. Hollander, M. D. Holtz, T. Novakov, snd R. L. Graham, Arkiv Fysik, 28,

375 (1965); T. Yamazaki and J. M. Hollander, Nuclear Physics, 8k, 505 (1966)§
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be 4.0 eV. by using Sereral'of the compounds studied by Siegbahn et al.}
as calibration standards. Spectrometer~samples were prepared by brushing
powdered solids onto”double-backed Conducting adhesive tape mounted on
an aluminum plate. |

The experimental binding energies and the CNDO- calculated nitrogen S
atom charges are given in Table I. The data are plotted in Figure.l. It'.'"'A"i
will be noted that the p01nts seem to fall on two lines - one characteristic ;f»l
.of anions, and the other characteristic of neutral molecules and poss1bly
cations (although insufficient data are available to show definitely that
the cation points fall on the- same line as the neutral molecule p01nts)
The observance of separate lines for anions and neutral species can be héh;m

rationalized by the fact thatvanions in an ionic crystal lattice experience

a greater positive lattice potential than neutral molecules in a molecular;

lattice. It mayﬁbe that the separate lines are an artifact of the CNDO 'l?f

method'for calculating atomic charges.
A second feature of the plot is "that all the data are reasonably well

: correlated that is, there are no large discrepancies as were found in a Jf

'prev1ous attempt to correlate binding energies with charges calculated by e

Pauling 8 method 1,5

Because of this better fit of the data, we conclude nﬂ;fff
" that the atomic charges calculated by the CNDO method are better approximations :
to the true charges than those calculated by Pauling s method. By combining

a plot such as Figure 1l with 1ls binding energy data for compounds of uncertain‘

>
=t ‘,_.:‘3

structure it should bve possible to estimate atomic charges and thus obtain“

useful structural information. Work along these lines is underway.
Acknowledgment. - The authors are grateful for the generous allotment
of computer time by the Computer Center of the University of California,

-

Berkeley.
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’._I'able I.

Nitrogen ls Binding Energies and Calculated Charges

: Compbunci RN o Cé.lculated Nitrogen -

Mumber Compound ~  Binding Energy, eV. ' '  Atom Charge

1 =NaN03 ; bor.h ’1‘ o+ 0.429

2 malo, k1 +0.100

Na,lono,] 403.9 L 40.140

A

CmalMW] 0 bo3.7 - +0.096

Nalmw] © 3993 . -0.5M8

MegNg0p o kL3 -0.2%6
ke . 399.0 . -o0.518
KOCN -~ 398.3 . - 0550

| _Q_-HOC6H4N02 3 : '.h05,3a_ - h R 0.353

Y R o R Y Y. B T R Ny

CglisNo,, | hQSflé’- __ L+ 0.347

5 o ho3.7® 4+ 0.088°

10 p-C.H

12 , (CH3)3NO o . | . 402.23' . | + 00079

13 o

3 | ,402.3 A | +O‘039 v |
L (omgyNeMg W22 4085

15 mLOHCL ho2a1 + 0.219

3
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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

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