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Optical Spéctroscopy-of Aromatic Hydrocarbons

on the Ni(111) Surface.

‘& | | ~ C. B. Harris, D. A. Zwemer, A. R. Gallo, H. J. Robota

l"g.

Depaftment of ChemiStiy
University of California
_ and. .
Materials and Molecular‘Résearch Division
Lawrence Berkeley Laboratory

Berkeley, California 94720

The,importénce of developing new techniques forvstudy-
ing.mbieéular structure and chemical reactioﬁs on ﬁétal sur-
faces need hardly be empﬁasizéd. TO date, however, there
has been Virtually no UV—visibie opticél spectroscopy reported

vfor molecules adsorbed on single crystal surfaces. Presﬁm—
ably this has been dﬁe in pafﬁ to the apparenf'lack‘of~seﬁ—
sitivity of conventional techniques.

In this léfter}wevwish to report on the application of

: - spectroscopic ellipéometfylvfor’obﬁaining the optical spec-

¢ ' trum 6f mbno aﬁd_multilayér.molecular overlayéts of aromatic
hydfocarbons.on,singie crystal nickel suffaées at low tem-
peratﬁfés; Aithdﬁgh WelhaQe studied a vériety of hydfocarbons

- on nickel surfaces, only the results of pyrazine on nickcl



will be reported in this prelihinary communication. In
parthular, we have been able to observe most of the salient
ftatures of the lﬂﬁ* sno lhﬂ*.regions'of PhYSisorbed pyrazine
condensed»on nickel (111) at’temperatures below 50°K. The
analysis of the spectrum gives the'electtonic excited state
~energy levels, the vibratiousl frequencies in the excited -
states and semiquantitative:informatiou about the molecular
geometry of the molecules at the surféce. To. the best of
our kuowledge,.this represents the first optical speotroscopy
study.ofbmolecules on single cryStal_metal surfaces.
| Nickel single crystals (MRC, typioal 99.9¢) were oriented

to within 2° . of the (111) face by Laue back reflection and
mechanlcally pollshed through 0.05 mlcron alumina. The crys-
al was mounted on a varlable temperature (lO 300°K) cold

tip which was modlfled for UHV use and the Lrystal was held
in a stdlnless steel UHV chamber w1th base pressure less

than 1 x 10 -10 torr. The metal surface was cleanedvby elec~
tron bombafdment, heatiug ih-oxygen, hydrogen, or by argon
iou sputtering»and subsequently annealed. Surfaoe cieanli—
ness‘and order were checked by Auger Speotroscopy and LEED,
respectively. The details of the instrumentation and the
data reductlon procedure w1ll be reporttd later.g T
| Pyrazlne was dep051tod on a clean well orlented nickel-

(]ll) surface at 10°K. Fig. 1 shows the near UV spectra

(lOA resolutlon) at lO K of a monolayer (3A thlck) and multi-

- ldyor (llA thlck) overlayer of pyrazine ad orbed on Ni(111).

— e



The low temperature depositibn of pyraZing on nickel prevénts
reaction with the nickel surface and allows the multilayer
condensation of pyraiine. The monolaYer spectrum, thle
noisy,>shows the same principle features as the-thiéker layers.
The absorbance and index of refraction (not shoWn) of the
pyrazine Qverlayer are calcuiated from the difference in .

ellipsometric parameters for the pyrazine-covered and clean

‘nickel substrates. The adlayer thickness is obtained from

the ellipSometric parameters assuming overlayer transparency
o | v ‘
at 3500A. The pyrazine overlayer can be.annealed by raising

the temperature to 120°K for a period of time after the de-

position. This causes the adlayer to contract slightly (10%)

and causes intensity changes in the spectrum and the appear-

' S ‘ . [ .
ance of resolved vibronic structure around 3200A as shown 1in

Fig. 2. This structure is not observed in the unannealed

'laYGr.

The pyrazine spectrum on Nickel is qualitatively similar

to that of pure pyrazine. In the pure molecular phase at

4.2°K, pyrazine has two well resolved transitions in the
Sihglet legion.3 The first is a singlet nw transition which
occurs at 30,350 cm’l and the second is a singlet ﬂﬂ* tran-
sition which océﬁrs atv36,850'cm—1. .The singlet nt’ is
appreciably weaker than the e transition and has its
transition dipole moment polariéed'perpendiculérvto thé ﬂﬂ*;4
consequently it is aligned in a diréction normal to the

N » . ) '. - . * » il .- .
aromatlic ring. On nickel, the lnn state electronic origin



* : . -
- origin is-at 37,400 cm l:

is at 30,057 cm”l,And'whilé'the'lﬁw
thus,»thé Nibkel(lll) surface indur.' about é 300 and 500 cm—l
shift inlﬁhe_lnw* and.lﬂﬂ* transiﬁions,-respectively. On this
basis, we ideﬁtify‘the absbrbing specieé as_physisorbed or
condensed pyraziné, rathef than chemisorbed erdissociated
products. | |
The resolved structure obtained by annealing (Cf. Fig;

é) appears to bé a vibrational brogréssion-in the Ve tétally
symmetric ring stfetching mode. This 1is also £hé pfinciple
featurerof the lnﬂ*'ﬁfansitionvin the pure pyrazine absorp-
‘tion spectrum.3‘ For adlayer thicknesses ranging from 4 to-
302, the observed*splitting between -the maxima of origin |
’ahd first vibronic peak-is 525 + 25 cm_l. This is-signifi—
cantly éﬁtside the range of 600-580 cmnl'méasured for pyra-
‘zine iﬁ a wide variety of molecular envifonménts,‘ihcluding
lthe-gas phase,4 éingle crystal,3 solid and liquid solutions.
.The'lbwer fréquency suggésts”that thé local environment for
the annealed pyrazine moleculéé on ﬁickel, ﬁhfough direct or
indirect interaction with the surface, is significantiy al-
£ered from that.in the gas phase or solid bulk phases.

| Information about molecular geometry and_iocal environ-
ment of pyrazine on_nickél_can'be deduCed from changes in.
‘the dptical éransition intenéiﬁy as a function of annealing.
This 1is so‘because the lﬂﬂ* tranéitién dipole momeht is polar-
ized alo@g the nitrpgeﬁfnitroggn (N-N) axis wh£le the lnﬂ

transition dipole moment iS'polarized out of the automatic



plane and transition dipole moments oriented parallel or

perpendicular to the nickel surface induce different phase
. : v o

shifts in the reflected electric field. At 3000A the re-

flectivity of nickel5 is about ~.3 and thus intensity of a

.3000R transition polarized parallel to the (111) surface

will be attenuatedvby a factor of 3.3 with respect to a |

transition normal to the surface. The annealing process

L 1 * e ' .
-increases the absorbance of the "mn ‘transition as shown 1in

) . . ’ ' . * . » »
Fig. 3, while the intensity of the lnw transition remains
constant. Assuming an amorphous distribution of molecular
orientations in the initially deposited layer at 10°K, a

uniform reorientation upon annealing to give the N-N axis

‘normal to the Surface,.as'proposed-for chenisorbed pyridiﬁe

onl’t(lll)6 and polycrystalline nickei7 would triple the
* * )

1ﬂﬂ absorbance and almost eliminate the lnn_ transition.

If the plane of the ring were allowed to tip approximately

thirty—five.degrees from the surface normal (cf. Fig. 4) so

that both N-N and out~of-plane polarizations had perpendicular

components, the lﬂﬂ* absorbancé would double and the lnﬂ*
transition would remaih constant, as observed experimentally.
Absorbance chaﬁges,upon‘overlayer contraction, the imperfect
reflectivity of nickel, ahdvdifficulty in accurately measur-
ing the total integrated intensity of each transition pre-

clude a more precise determination of molecular. geometry.

Acknowledgement: This work was supported by thevDivision of Chemical
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Figurc Captions

! ' ’ o ) o
‘Figure 1. Absorbance spectra of 3A (~1 monolayer) and 1l1lA

overlayers of pyrazine on Ni(lll) surface at 10K
o * o L
showing 7w and nn transitions. Absorbance, k,

PR

is related to the molar extinction coefficient,

/
- —
(-

€, by k = 1n(10) ec)A/4m where ¢ is concentration
in moléé/liter and A is in decimeters.  The left
hand scale refers to the 112 data; the inset scale
to the 3A data. A heavy line is drawn through
the noise in the 35 data to shqw the principle
featurevof these results. “
Figure 2. fAbsofbance spectrum of 9A d?erlayer of pyrazine
on Ni(11ll) surface at 10K showing nw*_ﬁransition.
. Figure 3. Absorbanée“spectra 6f lnw* (top) and lﬂﬂ* (bottom)
_ trénsitibnS‘Qf f8£ pyraZine_overlayers on Ni(1l1ll)
at 10K. Left hand spectré show unannealed over-
layers_and right hand spectra show overlayers aftér
annealing at 120K.
Figure 4. Proposed surface geometry'of anheaied pyrazine
molecules on the Ni(111) Surface below 160K.
AngleS-éhoWn are betweénvplane of molecule and .

£ ,  surface.
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