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Introduction

Extensive studies of chemical shifts associated with atomic core-
‘electron binding energies have been made by Slegbahn et al3 by use of the

relatlve_y new technique x-ray photoeleCuron spectroscopy. Measured

“binding energies have been correlated with formal oxidation states and -

with fractioral atomic charges calculated by a modification of Pauling
method. We have recently reported preliminary results: of a study cf

solid nitrogen compounds by x-ray photoeleétron spectrbscbpy, and we have

~shown that the nitrogen ls binding energies can be correlated with

nitrogen atomic charges calculated from CNDO molecular-orbital eigenfunctions.

"~ (3) K. Siegbahn, C. Nordling, A. Fehlman, R. Nordverg, K. Hawrin, J.

Hedman, G. Johanssoh, T. Bergmark, S.-E. Karlsson, I. Lindgren,and

'B. Lindberg, "ESCA Atomig;Mb;eéular and Solid State Structure Studied
by Means of Electron Speétroscopy,"_Almquist and Wiksells AB,
Stockholm (1967). ¢ . |

(h) J. M. Hollander, D. N. Henarlﬂk50ﬂ, and'w. L. Jolly, J. Chem. Phys.,

3345 .
kg /\( 968), and references therein.

In this paper we extend the correlation of the nitrogen 1s binding

energy data to include atomic charges evaluated by the extended Hickel

molecular orbital methed. We use these correlations and the observed

nitrogen 1s binding-energies for sodium oxyhyponitrite (Na2H003) to

estdbllsh the structure of the N203 " ion. In addition, we use binding:

energy dats for scme nitrogen-containing metal-coordinated ligands to.

characterize the bonding in these ligands:



Experimental

-

Mg K x-radiation (1253.6 eV) was used. The kinetic energy of the

photoelectrons was nmeasured in an iron-free; double-focusing m uagne tic

<

[~ .
spectrometer” shown schematicelly in Figure 1. The instrumental line
width, including uhe contribution from the x-ray line, was about 1 ev,
and the cbserved photoelectron l nes had widths of 1.5-2.5 eV.

PR N :
Photoelectrons were counted typically for tlme intervals of 12 sec. atl
each magnetic field setting, and the spectrometer current in the range

1.0-1.5A was varied in increments of 0.2mA.

(5) J. M. Follander, M. D. Holtz, T. Novakov, and R. L. Graham, Arkiv
Fysik, 28, 375 (1965): T. Yamazaki and J. M. Holl ander, Nuclear
Physics, 8L, 505 (1966)

(6) A Bendnx curved channeW-multWPller ("Chenneltron") was used as

the eiectron detector.

The compounds studied were either purchased or prepared by standard

synﬁheses. Spectroﬁeter samples;were prepzred by brushing the powdered
mater1 1 onte double-faced conducting tape attached to aﬁ alwaninum plate
that served 25 a heat and electron sink. Three measurements were made
for ééch'sample; in each case the carbon ls line (arising from pump oil
waich forms a film on the samples) was recorded. The film of pump oil

provides a convenient rcference peak and probably also acts to renove

surface charging that mey arise with insulating samples. By this method

P
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~ Hinze and Jarffé.

.3-
it is possibie to locate the photoelectron peaks reproducibly to within
0.2 eV. |
vThe,wofk function for the'spectrometer material (aluminuﬁ) was

bassigned the value 4.0 eV; This normalization gives the best agreement
of our.nitrcgen core-electron binding energies with previously meésured
values for thersame nitrogen compounds, and makes it possible to include
some of the binding energies of Siegbahn et §13 in the correlatioﬁs with
our.calculéted charges.

Calculations

o .

. Molecular orbital eigenfunc@ibns were obtained from CNDO . and

: 8 : : , ‘
extended Hlickel calculations. 1In both_cases-computations were performed

(7) J. A. Pople, D. P. Santry, and G. A. Segal, J. Chem. Phys., h3, 8129,

S136 (1965). A modified CNDO/1 version involving empirically evaluated
repulsion integrals was used, as per P. M. Kuznesof and D. F. Shrlver,
J. Am. Chem. Soc., 90, 1683 (1968)

(8) R. Hoffmann, J. Chem. Phys., 39, 1397 (1963):

;.:

w1th a CDC 6400 computer using a Fortran IV program. Calculational details
and required input data for the CNDO calculations are given in Reference 7.
In the extended Hllckel calculations, the Coulomb integrals, Hii’ were

approximated by the valence state ionization potentials calculated by

9

The arithmetic mean approximation for the off-diagonal

elenents of the H matrix was used:lo

H,.=1.758._ (6 +H,)/2
fyg = 275 Sy5 gy ¥ 850/

(9) J. Hinze and H. H. Jaffé, J. Am. Chem. Soc., 8k, 540 (1962).

(10) M. Wolfsberg and L. Helmholz, J. Chem. Fhys., 20, 837 (1952).




Here S, is the overlap integral betieen the ith and jth orbitals.
L
Net atomlic charges were obtained by subjecting the extended Hlckel
" NPT . . ' Lo '
moiecular orbitals to a Mulliken populstion analysis. In the CHNDO
- method there is no overlap population, and as such the net atomic ¢harges

IR

~are easily obtained from the aporcpriate diagonal elements ol the:charge

‘density matriz.

(11) R. S. Milliken, J. Chem. Phys., 23, 1833, 18k1, 2335, 2343 (1955).

-

Cartesian coordinates for complicated systems were obtained from-
T

) i2 . . 1 .
rogralm PROXYZ coupled with experimental 3 or estimated molecular
] 2 & .

paramcters.

&

(12) P. M. Kﬁznesof, Quantum bhgﬁistry Program Exchange (Indiana.University),
QCPE 9b (1966). .

(13} "Table of Interatomic Distances,” L. E. Sﬁtton ed., Special Publicatios
No. 11, The Chemical. Society, Burlington House, London, 1958} ard

No. 18, Supplement, 1955.

Theory .

Because we are dealing with measurements on solid materials, the
calculated electron binding energies are referred to the Fermi levels

cof the solids. We calculate the electron binding energies, E_, from

b)

the relatimnB



o

where Ex>véy is the incident X-ray energy, E is the kinetic energy

kin

pec is the work function of the spectrometer

=

qf ﬁhe photoelectron, and ¢é
materiai,, aluminum. The éore-eiéctroﬂ binding_engrgies are depéndént
ocn the cheﬁical envifonment, and previous discussions have shown.that
they are pfincipally'determined‘ﬁy the potential associated with'the
valence shéll electron density and fhevcrystal field felt by the core

3,14

electrons.

(14) R. Nordberg, R. C. Albridge, T. Bergmark, U. Ericson, J. Hedman,
C. Nordling, K. Siegbahn, and B. J. Lindberg, Arkiv. Kemi, 28, 257
(1968).

L]
1 4 - . -‘ ) b . 3)1)",' ‘ » L)
For binary salts, Siegbahn and co-workers have formulated a
relation between the electronic charge (q) rembved from the valence
‘shell of an atom and the energy shift (AE) of the core electrons of that

atom:
(e
-3 ¢

Here r is the radius of the valence shell, and o is the contribution
to the Madelung constant from the atom at the internuclear distance'R.
A relation is expected between the measured binding energy and the valence

charge density.
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Results and Discussion

Corfelation with Abomic Charges ~ Extended Hilckel calculations were
completed for 28 nitrogen compounds; the calculated nitrogen atom‘charges
and the measured nitrogen lg bindihg energies are listed in Table I.

Some binding energies determined in previous studies are alsovgiven with
the corresponding calculated nitrogen charges. A linear correlation
»between_li nitrogen binding energies and extended Hllekel calculated
nitrogen charges is demonstrated in Figure 2.

The range of nitrogen ls binding energiés covered by this correlation
plct is approximately 10 eV, e;tending'from the nitrate ion tc pyridine.

" This is about the same ranée covered by Nordberg 53'3112 in their
corréiation of' nitrogen ls bi§§ing energy with fractional atomic charge
calculated by a n*dificationkof Pauling's method. In the case of our
Aexteﬁded Hlickel plot the correlaticn seems to be linear, whereas the
correla?ion obtained by qudberg et al shows curvature. In addition,

the exfended Hﬁckel calculations assign charges to the nitrogens in

n-amyl nitrite, nitrite ion, cyanide ion and azide lon that fit reasonably
well on the line, whereas fheir‘fit on—the mddified Psuling plot is poor.
It will be noted that fhe extended Hlickel calculations give reasonabiy'
good it for nitrogen molecuies that contain sﬁlfur or phosphorus atoms-‘
In these cases it was fqund (See Table I) that inclusion of 3d orbitals

on the sﬁlfur or phosphorus atoms did-not appreciably change the caleulated

nitrogen atom charges.



TABLE I.

Nitrogen ls Binding Eﬁergies and Calculated Charges

5

- Caleulated Nitrogen

ton Charge

Compound Bindihg'Eﬁergj, v
Number Compound ev. ' CNDO Extended Hlickel &

1 NaN03 ' hé7;h +o;h29' +2.557

2 VNaN02> boli.1 40.100 +1.273

3 NaQ(ONgog) 403.9 © +0.140 +1.749

3 .Nge(ogmog) 400.9 | -0.195 -0.090

L Na ( NIN) 403.7. +0.096 +1.066

4 Na (1) 399.3 -0.548 -1.033

5 Nazméoe h01.3._ -0.256 +O‘175,
6' KCN 399.0 -0.518 ~1.181

7 KoCH 398.3 ~0.550 -1.572

8 p-HOCgH) N0, 405.3% +0.353 +1.541
9 Cgs N0, 405.1% +0:347 +1.613
10 n-C.H, , OO 403. 7% +0.288" +1.323°
11 N HgSO), | %02.5 +0.094 40,181
12 (ce,) o hoe.2? +0.079 +0.520
13 LIRISN ho2.3 40.039 -0.1h5
13 Nah§o3 4o7.2 +0.1429 +2.557
1k (CH3)hNB§H8 Loo.2 +0.185 -0.253




Binding Energy,

Calciwlated Nitrogen
Aton Charge

Compound ' ‘
Number Compound ev. CNDO Exterded Hflekel °
15 NHéOHCl “yop.1 +0.219 +0.612 ’
16 ‘(CONH2)EY 400.0 -0.133 . .‘-Q.BSO
17 (NHQ)QCNCN 399-2(broad)v -0.17 to -o'.3ié -0.71 %o -1.56C
18 36H56N 3¢8.4% 0.206 .1.356
19 CoHN 398.0% - -0.166 -1.098
20 KSCN 398.5 - -1.672(-1.711)
21 _ NH3(S) 393.8 >.,f°'°79 J-o.91h |
22 shmécl 399.6 | -0.912, -1.0;?_
(-0.915, -0.93h)
23 NH3so3' 1018 -0.262 (-0.307)
oli. CéH5CONH2 399.4 -0.238 -0.236
25 (NEC1y) 399.5 - ~1.718 (-1.741)
26 05H5N-H01 400.2 +0.035 -0.352
27 BN 398.2 BN
28 Na3§P02NH)3 398.5 -0.971 (-1.058)¢
- —

Charge calculated for CH

Data of Siegbabn et al.

3

ONO, the structure of which is knowm.

¢ The four structurally-different nitrogen atoms of this molecule bear

differcent calculated charges.

€ (Calculated for r
. | p-n

There are two different nitrogen atoms.

(-]
= ).50A.



..9..

£ Treated approximately, see results and discussion section.
€ Number in parenthesis is for case where 3§'orbita3.s are included.
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- There areé gualifications that need be stated regarding two of the
compounds. 'In the case of boron nitride the graphit¢4like structure o Y
was only approximeted; only 2L atoms were considéred in qalculdtiﬁg
the éhargé on a central nitrogen atom. The crystal structure of éompouﬁd 28,0
Na3(P02NH)3, has not been reported; we assumed a’cyclic anion witp tﬁe'

-]

. ) [+] .
bond distances ry y = 1-0A and Tp.g = 1.5A, coupled with two different

P-N distances, 1.5 énd. 1.711 (c‘f 1.65:\ for rp o in (NPdle)'3l3). - The
‘ caléulations of the nitrogen charges gave for these two cases -0.Q71
and -0598h, respectively (without considering 3d orbifals on the phosphorus
atoms).

The niﬁrogen charges obtained from:thé extended Hﬂckel éaléulations
range from -1.7 to almost +2.6. This fange is to Bé contrasted with the
much smaller charge range calculated from the CNDO molecular orbitals
‘which were obtained for the sane molecuies (See Table i). As noted
earlier,h,the CN?O correlation plot (Figure 3) shows two lines - oﬁe
characteristic of énions, and the other charaéteristic of ﬁeutral molecules
‘and possibly cations. Two rationaliéations can be formulated: (a) the
two iines_are rerely an artifact of the CNDO method due to an inherent
overemphasis of electron repulsion'invthe CNDO calculations of anionic
molecules; (b) the two lines are an indicatioﬁ of differing lattice
potentials associated with a core-electron at either an anionic or [
neutral site. _ | .

. » , o

It is gifficult at this time to indicate clear}y’the cause of the

two CNDC lines.‘ The fact that the extended Hlickel data show no.indication

of the same behavior can probably only be taken as evidence of the

simplicily of the latter calculations, at least insofar as this version



~nitrogen 1s binding energy for either the coordinated NMH, or O

. <31~
of fhe extended_Hﬂckel:methodvis congerned.V Pr¢vibus wdfk by Siegbahn
anﬁAco—wbrkers havé showvn that thé expected differences in crystal |
potentials do nofzappear in the méasuréd values (i.e., 822

energies in a series-of.sulfates); This can also be seen in cur N 1ls

data for the three nitrates, ¢om§ounds 1, 13; and 29.  Even furt%gr

~evidence for this lack of expacted lattice potential influence can be

seen in the data for the series of nitro-cobaltic ammines, compounds
b7, 3k, 37, 33, 3&, and 36. Throughoﬁt this series the measured
T is

3 2.

approximately constant. There is little evidence of discontinutiy

in the binding cnergies at the transition from a neutrsal to an anicnic

,

site. : o » o

£ A

Character of Metal-Coordinated ligands - The power of the x-ray
ot ; - 1Lg N

7

. photoelectron method can be clearly seen in Figure 4, where we give the

)

nitrogen 1s spectrum of trans Co(en)e(NOg)2 NO Measurement of the

3"

nitrogen 1ls binding energy of various metal-coordinated ligands can giv
i &Y _ :

insight into the character of the ligands. The binding energies cf

of these nitrogen binding energies with those obtained for the free

ligand and for the amonium ion (See Table I) as it exists in NH)NO,

o~

shows that coordination of ammonia to Co(IIT), Rh(III), Tr(III), and

ves partial ammonium-like character to the ammonis group. A

Q

¥
PanY

C ot
b
ot

m
e

<

ult has been found for the triphenylphosphine ligand; the’

0
P
=
H
Lo
o
‘3
~
¢7]
1723

phosprorus 2pn binding energies for coordinated triphenylphosphine and

. . ) . . 1
for a phoszphenium ion were greater than for free triphenylphosyhine.

1

some metal-coordinated ammonis groups are listed in Table II. Comparison
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TABLE II.
[ 4
Nitrogen 1s Binding Enérgies w
Y
Compouhd , _
' Nunbex .Cbmpound - Bindingﬁnera {ev)
29 () o) 5 - 407.3
30 trans _{CO(en) 5(10,) 2]1\393 405.8
31 ' p-NO,-CcH) CONH,. 405.9
32 {rn(wm 3) 51502} Br,, Lok .k
33 Co( NH3) 3( goe) 3 Lolr.1
3L | ' | [CO(MB) 5§02] Cl'2 Lo%.0o
35 } K{Co(f&{:))) ,(30,), ] Lok.0
36 K3Cd(i\502) c Lok.0®
37 trans {Co(m,), (30,) Yso, 403.9
30 trans {Co(en)?_,(;g()e)g"il NO3 403.8
38 Ian[Fe(cm)sgo} “2H,0 103.3
39 8, Lo2.1
ko [eo(mm,) rofen, %02.0 i
L 061{53-13 S, HCL ‘ l:o; 4P v
Lo K {ox{c) 5750 koo
29 {rnim) A1 (10,) 4007
L3 [{i-(;‘:ns),gl] c1, 400.6
I H-bs- ( R ) N (co) e %00.6°
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Compound -
Nﬁm‘per V Compound. Binding Energy(ev)
30 trans [co(en) (10, iNo 400.4
. v
22 {Rh\md )50, 151 400.3
Ls SN, * Sbc154 400.2
46 8 - 400.2
40 [eoasy) 5No}§12 400.2
33, CO(;\jH3)3(N_o )A : 400.2
35 KfCo(NH ) (M0 \A 400.0
3k o [Co(\IH3)5102 c1, 400.0
47 ~ {co(m )6§-?(SOM) 400.0
48 [CO(NH )s c1} 1, 400.0
37 trans {m(gm_,)).“wo&ésoh 399-9
kg Cr(nH )6Cl 399-9
31 P N02-06Hucom1 399.€
50 hNLx Hl& 399.- 5
51 - (weey), 399.2
52 - K3(Cr(cN) ¢l 398.6
b2 K3{pr(cg) 5No} 398.4
38 NaQ(_Fe(cg) 5No:j 2H,0 398.2
53 PN B 397.8
, 35 :
54 thb‘e((‘.l\l) 6}3}120 397.6
55 VI ' 397.2
56 " orN 396.6




A R | T

& A small peak attributable to nitrate impurity was observed at LO7.0ev.

b Vefy broad peazk.

.
¢ Cnly one relatively:sharp peak observed.
. o
d A decomposition product peak at LOl.Cev was obzerved.
@
-
4
- (¢]
L
\:f
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Hip L)

(15) M. Pelavin, D. N. Hendrickson, “J. M. Hollander, and W. L. Jolly,

: . 4 — ; N
Umei 'ft CJ\')’.‘ C‘\-&.}V«.‘\. . .

¥
In_the case of ‘the ﬁitro.;igand; hovever, the nitrog ren ls binding
energieé Tound fof either NaN02 orlfor the metal-ccordinabed nitrite are
approximately the same.v Pﬁobably +h1s can be explalrcd by the met@*-to—
llgand n back- bonQLng operatLve in the metal-nitrite bOuL-' This back-

bonding would tend to keep the charze on the nitrogen aton spproximately

. -

the same in the free and eoordinated ligand. Censidering the more

-

extensive back-boading expected in the metal-coordinated cyanide ion,
it is hearuenzna to see that the nlurogen 1s bindin g energy is
appreciably lower for the cyanide coordinated to Fe(I11), Cr(T) and
Cr(III).than»for fhe "free" c&anide in KCU. |

' Another problem which can bevstudled by the X-ray phOuOClﬁc ron

method is the determination of the character of the MO group in various

wmetal nitrosyls. =

7 ' . ' v . . .

! (26) For review, see B. Johnson and J. McCleverty, "Nitric Oxide Compounds
; . - ) 2:-.7

P of Transition Metals" in Progress in lnorg4v10 Ch‘mlstry, . (l9of)

i There are four peossible bonding situations: (a) lone pair donation to
1ot 1‘7+ \ v
the metal from NO ; (b) lone pair denation from NO with the odd electron

retained by the M0; (c) lone pair donation from NO™; (d) bridge bonding
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as encouwnvered in metal carhonyl compounds. = The majority of metal

N

nitrosyls are believed to be best formulated with the (a) type of bonding.
In Table.iI are listed the nitrogen 1s binding ene;gies for twec
metal nitrosyl-cyapides, Ngg[?e(CN)SNé}»eﬂgo and K3[§r(CN)5No]-H20. It
"can be seen that the CN~ peak is relatively invarisnt to changes in the
metal, whereas the NO pesk shifts appreciably; - This agrees with
observations on the infrared spect;é of these compounds;l7 that is, the

3

CN stretching frequenéy is relatively unchanged as ¢pposed to the large

(17) J. Lewis, R. J. Irving and G. Wilkinson, J. Inorg. Nucl. Chem., 7,

32 (1958).

1

- change for the NO stretch frequency from 19hliem ~ in the formally Fe(II)

compound to 1645 em™® in the cr(1) compound.lh Both of these compounds

17

have been fqrmulated‘as NO+ COmpbunds,_ vut their NO nitrogén 1ls binding
'energies clearly show that there is a marked'difference in niﬁrogen chargs
in these two caseé. It is a well-known fact that the NO' ligand has an
empty n* orbitsal available for back-bonding from the metal and further
that back-bonding is greater‘in compounds with metals in lower oxidation
states. The lower oxidaticn state in the case of the Cr(I) compound,
indicating greater back-bonding, would be a possible explanation for the

3-

apparently less positive NO nitrogen in Cr(CN)sNO .

&




of
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- However, COnsideration of the measuied NO bihding energy for fhe
fqrmaiiy Co(I1I) cempound, (Co(HH3)5NO)Cl2 (black isomer); indicates a
certain predicament. This diaﬁ;gnetic compound has beeh found to havé

. . S 18 e s a1 P : :
a monomeric structure,” and the Co-N bond distance is reasonable for a

_'1A(18) D. Hall and A. A. Taggart, QLIChem;:ggg;,'1359 {1965); D. Dale

and D. C. Hodgkin, J. Chem. Soc., 1364 (1955).

Co”' -to-N0" bond. The NOlnitrégén in this cobalt compound would be
expected then fo possess the moét negalive nitrégen charge of these
three nitrosylé, but if the binding eneréies.are indicative, the cobalt
compound is somewhat iptermediate. Resclution 6f fhis problem Wiil be .

best attained by carrying out more nitrogen binding energy measurements

~on metal nitrosyls, and possibly by studying the effective charges on the

metal atoms. o » ¢

Structure of the Oxyhyponitrite Ion .- Perhaps the most remarksble
demonstration in this study of nitrogen compounds is the clear proof of
the existence of structurally different nitrogen atems in the oxyhypenitrite

. 2- ) o ; . C o
ion, N?O3 . Various studies have been undertaken to differentiate

between the possible structures of this ion, the three most probable

_ structures being : ' o .

0=N-N 0=N.0-N--0" g T0-N=N-0-0"
\O . .

. : ‘ TT S IIT
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. 1c .
Addison et al” concluded that the ulta —v1olet absorp ion spectrun of
e- L o N . . . 20 -
N203 indicated an =N bond. Calorimetric measurements have suggested
the structure I as most probable, and the infrared spectrum has been

21
grouping. Thae

intérpréted as having bands indicative of an ~N02 g

(19) C. C. Addison, G. A. Camlen, and R.’ Thompson, J. Chem. Soc., -338
(1952) -

(20) H. R. Hunt, J. B. Cox, and J. D Ray, Inorg. Chen.,

=
\O
Lo
—~
]
\O
O\
o
g

(21) R. D. Feltham, Inorg. Chem., 3, 900 (196%4).

nitrogen ls photoclectron spectrum of Na2N003 (See Figure 5), with two

resonances, clearly rules'out structure II as a possibility. In order

to dlstlnou between the two remalnlng structures, CNDO and extended
HUckel calculations were completed for the two geometries {verying the

N-N bond distance Jn each casé). The net nitrogen charges obtained from
the calculations are given in Table III. Structure I is indicated by

X .
these caleculations; indeed shructure IIT would be predicted to

O’Y;i.’. 2 . ! B )
shoonne peak, for the two different nitrogens are prredicted to have

e

approximacely the same charge. Finally it can be seen in Figures 2 and 3

that the points representing structure I do fit the correlation lines.
-y, 1 sas . ' .« 15
Recently the oxyhyponitrite ion has been shown by asymmetric

. .. -
to have two structurally-different nitrogen atoms. "

(22) D. N. Hendrickson and W. L. JolLy, Inorg. Cncm. 8, 693 (1969).

N-larelling

I\ 4
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o . : © TABLE IIT.

Calculated Nitrogen Charges for Two Asymmetric

Qxyhyponitfite Structures

¥

. . *

Calculated Nitrogen Charges
Structure rN*N(R) CIDO , .} extended Hlckel
I - , 1.30  0.3133 -0.151 1.75 ' 6.0kho
’ 1.50 ©0.147  -0.23¢ 1.95  -0.090
T 1.30 -0.156  -0.145 0.288 0.285
1.50 ¢.0.181 -0.188 . 0.198 0.25h

n .

For each molecular orvital method the net nitrogen charges, % and U
are given for the two structurally different nitrogen atoms in each

structure.




Figure 1

Figure 2

Figure 3

Figure 4

Figure 5
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FIGURE CAPTIONS

Schematic illustration of the experimentsl setup. n

calculated charges on nitrogen atoms.

Plot of nitrogen 1s binding energies vs CNDO calculated

charges on nitrogen atoms

Nitrogen 1ls photoelectron spectrum for Trans (Co(NHQCHQCHQNHg)e

'(N02)2)N05.

Nitrogen 1s photoelectron spectrum for Na2N205. Sodium nitride

impurity22 accounts for excess area in the higher binding energy

. peak.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. 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, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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