Lawrence Berkeley National Laboratory
Recent Work

Title
CORE ELECTRON BINDING ENERGIES OF THIAZYL FLUORIDE A ND OTHER SULFUR COMPOUNDS

Permalink
https://escholarship.org/uc/item/4fd2758ml

Authors

Jolly, W.L.
Lazarus, M.S.
Glemser, O.

Publication Date
1973-11-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4fd2758m
https://escholarship.org
http://www.cdlib.org/

' v L-2503
Submitted to Zeitschrift fur . ;ljeprint >
Anorganische und Allgemeine Chemie

ES
CORE ELECTRON BINDING ENERGI
OF THIAZYL FLUORIDE AND OTHER SULFUR COMPOUNDS

W. L. Jolly, M. S. Lazarus and O, Glemser

November 4973

Prepared for the U. S. Atomic Energy Commission
under Contract W-7405-ENG-48

~
- TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
. -

£0g¢-T14T1

[



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.



Core Electron Binding Energies of Thiazyl Fluoride and

Other Sulfur Compounds

Ber. L. Jolly, M. S.!Lazaru53 and O.-Glemserl)

With 1 Figure

Abstract. Core electron binding energies were

measured for the atoms in NSF,, SF.Cl, and 5,Cl,. These

. 5
data and similar data from the literature for other sulfur

2

compounds were correlated by the point charge potential
mefhod-ﬁsing CHELEQ atomic chargés. The results indicate
thét the bonding in a wide variety of sulfur. compounds
can be explained using only s and p valence orbitals;

The low fludripe 1s Binding energies observed for NSF3

and OSF, are attributed to "no-bond" rgsonance structures.



Introduction

It has often been asserted that the 3d orbitals of
the second rowrelements, Si, P, S, and Cl, can be signif-
icantly involved in pw+dﬁ bonding, especially when these
atoms are bonded to eledtronegative atéms such as nitrogen,
'.oxygen, and'flubrine 2). quever, a recentrétudy of volatile
compounds of silicon and germanium by x-ray photoelectron
spectroscopy showed\thatvthe electron distribution in
these compounds is nét affected'strongly, if at all, by
.>pﬂ+dﬂ bonding 3) It was therefore of interest to apply
this same technique to volafile compounds of sulfur. Of
pérticulaf interest is.thiazyl trifluoride, for which an
N=S triple bond has been proposed 3- In this‘investigationg
he determined core binding eneggies for each of the atoms

in the following compounds: .NSF3, SFSCI, and 82C12.

Experimental

' The’NSF3 was prepared in Gottingen in the laborafory
of Prof. O. Glemsers) -After‘féceipt in Berkeley, a simple
distillation in vacuo yielded a.material having the correct
.infrared spectrums) and a vapor pressure of-85 torr at -65°
(literature, 85 torr) 0~ The other compounds were obtained

from commercial sources and were distilled before use.



Spectra'here obtained with the Berkeley iron-free, double-
focuing magnetic spectrometere)- Magnesiﬁm Ka.x—rays
(1253.6 eV) were'ﬁsed; and the argon 2pg,, photoline

(Eg = 248.45 eV) was used as a referenée standard. The
measured sulfur 2p3/é binding energies, as well as liter-
afuregnlz) values for all the other volatile sulfur
‘combpunds for which data are available, are_given.in Table
1. The nitrogen lé binding energy of NSF, is 406.23 eV,
the fluorine 1ls binding energies of NSF3 and SFSCI are
695.68 and 695.13 eV, respectively, and the chlorine

2p3/, binding energies of-SFSCl and S2Cl2 are 207.27 and

206.64 eV, respectively.

Results and Discussion

For each'gf fhe<c compoundé in Table 1 ﬁe have
calculated the.aﬁomic charges using the CHELEQ electro-
negativity equalizationfoocedurelg). For most of the
compounds , thesé calculations were stréightforward.
~ However, ih-thg case of NSF,, the nature of the bonding
is disputable, and we calculated atomic  charges fér three
- different electfonic structures, I, II, and III. In

structure I, each
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atom has exactly an octet of valence electrons, corres-
ponding to fofmallcﬁarges of +2 and‘AZ on the sulfur and
nitrogen atoms, respectively. Structure II is the same
égvstructure I,‘except that two pw+dw bonds have been
forméd between the nitrogen and sulfur>atoms, Yielding.
zero'formallcharges on fhése atoms. Structure III is an
equal-weighted hybrid of structure I and the following |

three "no-bond" resonance structures. In structure IIT,

. . .
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= \s

‘the N-S bond order is 1.75, the S-F bond order is 0.75,

and all the atoms have finite formal charges.



.Table 1

'Sulfur 2 Binding Energies and Calculated Sulfur Atom
. Pgs2 °° ne ~

Charges for Gaseous Sulfur Compounds

‘cdmgogn& |  §3(8 2p3/2),'eV o gsv'. " Ref
sfs - Cosos 1Y)
SF.C1 | 179;1 : 1.07 This'wofk
sF, 177.6 | o.79 )
NSF, 176.6 . 0.82 - This work
osrz. 176.2 vqfsqjdw*:f.a%i
.302 ;'tﬂﬁ'. ) 174.8 | 0.57 ':";g)
| séc12J 171.4 - 0.03 fhis work
ocs B 170.6 . -0.03 | ;34
_3és »,»_ 170.2 - -0.12 °)
C,H,S. o 169.9 s Y

. . N ' . ' 7 . g
cs . 169.8 -0.0u | )



The point charge potential equation has.béen shown to
be very useful for/correlating and calculating core bihding oy
energiesg). | |
= kQA E (Q /R Dy o+ 2 N
1A - : : ) e .

— .

In this equation; EB~is'the core binding energy, QA is.%he
atomic charge on the ﬁore~ionizing'atoﬁ,'Qi is the atamid
-.charge on an atoﬁ situated a distance Ri from the core-
‘ionizing atom, and k and % are empirical constants. By:f
using this equation in conjunction with the atqmic charges _
calculated far structures I, II and iII' we ﬂaVé calculated¥%
the correspondlng blndlng energies. for the sulfur 2p3/2,
nltrogen ls and fluorlne 1s electrons in NSF3 :yThé
'dev1atlons of these calculated blndlng.energles fromrtﬁef fa*.g I

experimental values are given in Table 2. The data clearly

Table 2

o

Dev1at10ns of Calculated and Experlmental Core Blndlng

'

Energies for N.SF3

Structure ".I, , v'Eé(dalc)'i BBkexpt), ev
s N F

r " 0.84 24,74 5.32

Ir 4,21 3.86 -1.28

IIT 0.15 -4.27  -0.15




e

_indica%éfthat structure III is a much better fépresentatidn
of NSF, than either structure T or structure IT. We
conclude fhat‘"no—boﬂd" resonance is of considerable
import;nce‘iﬁ NSF3 and that'it'is\unneceééary to ipﬁolve
the’uSe'of.sulfur 3d orbitals in the bonding;~ o _
It‘remains'fo explain the fact that.the stretchiﬁgv
force constant_of the N—S'bbnd in ﬁSF3 cofresPOnds“to an
effective bond order of 2.7 according tb the empirical

6’16), whereas structure III.has an N-S

-relationAof'Siebert
~ bond order of only 1.75. The apparent discrepanéy dis-
~appears when one rec§gnizes that the strength of a bond.

- increases notvonly with increase in bond ordéf, but also

with incféase-in the separatioﬁ of chafgelbetWeen,thé

bonded éﬁqms.‘ The\chérges of the S, ﬁ5~éhé‘F’étoﬁs a;_,
cal‘cula'tie;d'.fo"r structure TIT are 0.82, -0.4%, and -0.13,

| respéctiveiy. The high polarit§ of the N-S bond apparentl§'

contributes about 1 unit to the effective bond ordér. |

It is interesting to note that the reéults of a recent

u.v. photoelectron spectroscopic study17) of NSFalaré

alsoiconsistent.with high electron density on'thé,nitrogen

atoﬁ. . / |

| Figure 1 shows a ﬁlbt of experimental Eg valués for

sulfur 2p3/é electrons against the corresﬁondingvcalculated

values. The atomic charges for OSF, were calculated using

a structure analogous to structure III. The low standard



'deViatién';f +0.43 eV giQeé us cOnfideﬁcé in the CHELEQ
charge calculation method and shows that the bénding in a
wide variety of sulfur compounds can bé'ekplained using
only s and p valence orbitals.: )

Thiébresearch was supported byvfhe’U.'Sr~A£;mic”
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' Figure 1. A plot of EB(expt)’ Vs . EB(calc) for the sulfur

2p3/2 electrons of the compounds in Table 1.
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