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i CHEMICAL SHIFTS IN BORON 1ls BINDING ENERGIES OF SOME GASEQUS COMPOUNDS
. . . B . " . . - * . i
Patricia Finn and William L. Jolly
Contribution from the Department of Chemistry of the University of

California and the Inorganic Materials Research Division ° of the

Lawrence Radiation Labordtory, Berkeley, California 9&720'

.éhggract:' Chemical shifts in boron 1ls electron binding energies for

guseous BF, BC) B(OCII3)3, B Hes, B(CII 3113co, and H }31\1(01{3)3 are

3’ 3’ 3)3’ 3
shown 4o be linearly related to bbrén atom chérges éstimated by Pauling,
CNDO}Aand extended Hickel methods, The best corfeiation is fdund with
the extended Hﬁckél charges, with incluéidn of thé_interatomicV"Madelung
potentiai" (a&erage deviation ffom straight—line relation, +0.83 ev).

By applicatidn of the thermodynamic'methoﬁ (based on the approximation

xthat AE =.0 for the interchange of a pair qf equallyfcharged atomic cores
betweenftwb different chemical species), the cﬁemicél shifts are estimated
with‘én average erfor of i.O.S? eV. There‘is ho obvious correlation

between the 1ls binding energy chemical shifts and published llB mr

chemical shifts.



S Recéhtiy we‘reportedl'the»nitrogen 1s electron binding encrgieé for

a series of gaseous nitrogen compounds and correlated the experimental

—
pe)

iffvaigcs withicalculdted atomic charges and ﬁhcrmodynamic data.  In this
c.study rc;hqvc measurcd rhe boron 1ls e;ecrrcn bindipg;cnergies of a:scries - 4

of/gasecﬁs ccroﬁ combcundc'in craer to proVide data.fcr.furthér tests'of

"ﬁhe correlatlon cf.blndnng energles with atomic charges and- thermodypamlc

data ' Wevhave alsc compared the boron  1s blndlng energles w1th boron 11

' hcclcar magnctlc_rcsonance chcmlcal shlfts. |

Experimental

t

\Magﬁesium.K& X—radiaticn:waS‘ﬁsed-for photciocizétion.r Kinetic
energies:oT.tﬁe‘photoelcctrcﬁs:wercfmecsurédQWith éﬁ iron—frec; double-
fOCuSing magcctic spectrOmetcrfe.lEach ccﬁpocndeaé'firsf/studied élone
to &eterminé thc‘approximaﬁe raghitude of ﬁhe'bhotceiectron-kinetic
.enérg&a-‘fhén an approximéfcly i;i‘mixture‘of the'compound and a ref-
crénce ccmpound, usually_borcnrtrifluoridé,»was stcdied. Because absolute
bin@ingwenergies vere cqt determined,.éll the repdrtcd-binding_énergies
vérérrclative. The width of'eachAchanncl was 0.3 eV;'the counfing times
ﬁere such that approx1mately lOOO counts were recorded in the channel
.nearcstbthe s;gnal peak. Slgnal to-noise ratlos wére 2.0-k. O and the
| ‘wiatiis 'vof' thve ISthtc;eiectron-_ln_nes at half-height; were 1.2-1.8 eV. Most
samp]es were: run twice; no, peak p051t10n changed more. than 0.1 eV ' ' -A(\:cﬁ

Trlmcthyl borate was obtalned from Alfa Inorganlcs, Inc. trlmethyl— ?(;/;,
- amine borane from Callery Chcmlcal Co., and boron trlfluorrde and boron R
 tr1ch1or1de Trom the Matheson'Co. Borane carbonyl 3 dlboranc,h and boron
trimcthyl§ vere prepared by~1itcrature'procedure-. The purlty of the

qamplcs st chcckcd by mass qpectr0>copy and’ by Jnfzarcd “pcctroscopy 6-12
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Results and Discussion

The measured boron 1s electfon binding energies, relative to that of
boron trifluoride, are listed in Table I.

Atomic Charge Method. - Pauling, CNDO, and extended Hilckel methods were

used for calculating Boron atomic charges to permit a compariéon of their
correlgtions Qith experimental binding energies} 

The-Paﬁling,method is based on a'relation'bctwéen the ionic chéractef
Qf a bond and the difference in the electronegdtiyities of the atoms.13
Uéing Pauliﬁg's techniquelh for estimating the eléctronegativities of

charged afoms; the calculations were iterated until consistent sets of

charges and electronegativities were obtained. - The calculated charges

are listed in column 4 of Table I. The least squares fitted straight

line relaﬁiohAbetween binding energy and Pauling charge, EB = 5.16q,—

4.07, fits the data with an average error of * 1.50 eV. A similar poor

correlation with Pauling charges was found previouslyl for'nitfogen
compoundsf'

Using a Fortran IV program; the_CNDO‘moleculaf orbital chargé
caléulatidnsl5 were made with a CDC 6400 computer, using Cartesian
coordinates obtained from program PROXYZ16.coupled with literature values
for the molecular parameters.l7 The calculated CNDO atomic charges are'
listed in:éolﬁmn 5> of Téble I.. The least squares fitted straigﬁt line
ielation»betWeen binding energy and CNDO charge, EB»% 7{58q - 6;37, fits_
the points with an avérage errof of * 1.45 ev (énly slightly bettervthan

in the Pauling charge correlation). . . B
. - -

Extended Hﬂckcl»calculations were made with a CDC 6600 computer

g : 18 '
using a Fortran IV program. ‘The Slater exponents used were 1.2, 2.6,



~
Ta.ble I
‘Boron 'lé‘:C emlcal Shlf‘ts, Est ulmé.ted Boron Charges, 13 mr- Che*ucéﬂ Sﬂl“ts,_ amd :
b o Thermochemlcally Estlmated Chemical Shifts -

. R ‘ i Reiai;_iire. - . Exte“ded :LB ey v -
Compound. - o Binding ‘Pauling CNDO . Hlekel -~ C:lemlcal ; " Thermochemical
Tumber. Compound - . Energy, eV ) Charge ‘Charge Cherge .Shift‘s,wbpm.-v - Energy, eV -

1  ;_.BF3 0 0.60 Q}7Q - 1.65 . 6.6 ,.o 

;2 "' 3013 - -2.3 | ;0.22 0.25 '_ .b.8i o -29§é -é.hg

-3 B(QCH3)3 - | bl Qi;h.. N 0.k '1.13»_'  | 0.0 -3.02

4 OB, 6.3 T0.01 =0.03 -0.01 | 05 | fs.hev

‘ B(CH’)' _»_f" »-é.h” -0.62° 0.13 5.31,.' S -68.2 . -6.86

6 BH3CO B _,57J6v,  078 -0:b3 015 ecemm -8.03

»} 7  BH N(CH3)3 =9.1 | _»-ol6o S -0;68 »'40.193' - 2k.9 -9 L6
=

o w7
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3.25, 3.9, k.55, 5.2, and 4.5 for H, B, C, N, 0, F, and Cl, respectively.

Coulomb integrals were'obtained,from valence orbital ionization potentials.

The calcplated charges are 1i$téd,in column 6'qf,Table I. The least
sQuéfes»fitted‘stréight line relaﬁion; EB’Enh.3hg.;:7;5h,'provides ﬁhe |
bqstvfit of" the three atomic.chargé methéds with aﬁ:éverage errorvt 1.0k4
eV. For nitfogen'cbmpéunds.the extended Hﬁgkelvﬁétbod also giveé the.
best fit.EQi: | |

By inclusion of the interatomic "Madelung potential",'M,Ql the

linear-relationships between binding energy and atomic charge are im-

proved. The improvement is‘negligible‘for the'Pauling-chargés, yielding

an average érror i 1.49_eV_for_the least squares fitted straight line

EB'—-M'=_5,77q - 3.98. The average errors for the CNDO least squares
fitted straight line Eg -M = 8.29q - 6.0k, and the extended Hilckel
,straight.line'EB - M = 5.15q - 7.48, are significantly reduced, to

'+ 1.21 and * 0.83 eV, respectively.

NMR Chemical Shifts.- . The llB nmr chemical'shifts_reportéd by_Phillips,

Miller and Muettertiesgg relative to methyl borate are listed in coiumn

T of Table I. 'There seems to be no correlation'whatsoevér'bétween these
data and the relative binding energies, even when considering.the planar

molecules: alone.

Thermodynamic Method.- The differehce in the boron 1s electron binding
ene;gies_ofvboron'triéhloride;and boron trifluoride is the energy of

reaction 1. . (An asterisk denotes removal of a core electron).

BC1, + BF, - = BF_ + BCl S . (1
3773 77307 W
The basis df_thc thermedynamic method is the apbroximdtion that AR = 0

C
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tetramethylummonium ion. Médard
and Thoma326 have determined AH% to be -80.8 kcal/mol.' The value of

AH; (117.2 kcal/mol) was estimated by the formula of Kapustinsky, which,
o - .

for salts of univalent anions, is

- é87.2[n(n fi))][] - z—————)-]

‘where n is the charge on,the“catlon and r, and r are the cationic and

A

. . . . . . ’ o ‘
anionic radii. fThe radius of the tetramethylammonium ion (2.43 A) was.

calculated‘from the lattice constants for the chloride, bromide, and iodide

salt328’29 and the halide ionic radii,3o and the nitrate ion radius was

taken as Q.IO.K.27 A previously calculated value of AHé (89;0 kcal/m0127)

" was used. The resulting value for the heat of formation of (CH3)MN+(g)

is 125.k kcal/mol.
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Flg 1 Plot of boron ls blndlng energles Vs thermodynam1cally
" estimated blndlng energies. . :
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