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Abstract: Langmuir-Blodgett (L—B) films prepared from 18,18,18-trifluorooctadecanoic acid {CH,)1¢
COOH], perfluorotetradecanoic acid-C13F7COOH], or octadecanoic aciath{C;7H3sCOOH] were used as
target surfaces for hyperthermal iesurface collisions. The synthesis of 18,18,18-trifluorooctadecanoic acid
and the preparation of the-B film from this compound using a subphase containing"Adre reported in

this paper. The lorsurface collision results show that the outermost surface group, namelysGEH;, is

the main determinant for the efficiency of both energy transfer and electron transfer during low-energy (e.g.,
10—-100 eV) polyatomic iorsurface collisions. For atomic projectile ions, there is evidence of penetration
into a depth of the films.

Introduction etry (MS/MSP-10with the gaseous target (in CID) replaced by
a surface target (in SID) for ion activation, but SID also brings

f both thei fical licati d the fascinating fund some special features to MS/MS studies. In particular, SID
or bo eir practical applications and the fascinating funda- provides higher transfer of kinetic energy into internal modes

mental chemistry and physics associated with the collision of polyatomic projectile ions (i.e., T- V), and provides

Processes. Investlgatlons.of Fhese interactions may be Y'e.wednarrower distributions of the internal energies deposited into
as faII_lng Into tWO categories if based on the range of collision the ions (compared to CI¥)These two features result in easily
energies applied: I.OW energy (e.g., a few eV to a couple of tunable internal energies of polyatomic projectile ions activated
hundred eV) and high energy (e.g., 1 keV to sevgra_ll hundred by SID. The ion chemistry implications of these characteristics
!<eV). For gxample, keV projectile ions (often atomic ions) €an s SID include the following: (i) effective fragmentation for
Impart their energy and momentum to the s_urface SPECIES 5 me refractory ions (either larg€2or very stablé® ions), (ii)
causing sputtering, or penetrate into the solid surface and mechanistic insights drawn from energetic studié§and (i)

become implanted ‘hefe- lon sputtering "0”.‘.”‘9 surface Is extraction of activation energies for some ion fragmentation
exploited for the analysis of chemical composition of surfaces athwaysi617
in the established technigue of secondary ion mass spectrometrf Anothe} interesting chemical aspect of low-energy-ion

(SMS)' lon |mplante_1t|on IS mve_stlga'Fed for fabn_cauon of surface interactions is reaction between the gas-phase projectile
semiconductor materials and optical filthdhe studlles pre- ions and the target surfaces. For example, abstractiongHgf C
sented here belong to the low-energy category oF@urface o nq/00 1 from hydrocarbon-terminated surf&e848-26 and F
interactions. The physical chemistry and physics associated W'th(single or multiple) from fluorinated surfadé@!27.2&an occur
fundamental processes involving low-energy collisions of small
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with some projectile ions. Certain projectiles react with orga-
nized organic thin films to provide spectral features that reflect
the film quality?2 The potential to probe the outermost surface
groups or atoms by certain polyatomic iesurface reactions

has been show#.In addition to the reaction products scattered
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mechanism for internal energy deposition intqalyatomic
projectile ion during its collision, in particular, with organic
thin films on metal 2637 Charge transfer-induced electronic
excitation has also been reported (e.g.gCéollisions with a
metal surfacé®in addition to many diatomic ion collisions with

off surfaces, reaction products are sometimes formed on thecrystal surface¥. It has been suggested by several au-

target surface, and the potential of iesurface reactions in the
modification of organic surfaces is being investigd?e8

One of the important developments in surface-induced disso-

ciation is the use of organic thin films on metals as the collision
targets (e.g., self-assembled monolayers (SAMs)alkanethi-

ols on gold or silverf:32 Organic thin films such as SAMs
provide control of the chemical properties of the target surface.
The thin film provides a barrier to electron transfer and thus
limits the neutralization of projectile ions that otherwise would
occur readily on a bare met#2!without the charge accumula-
tion that would occur on an insulator surfa@é=luorinated thin

films show some practical advantages as the collision targets.

It is known that increased F V and decreased neutralization
of projectile ions occur on fluorinated surfaces relative to

thorg3.18:31,34,363¢hat the difference in energy transfer occurring
with fluorinated vs hydrocarbon-terminated surfaces is due to
the different effective masses of target surface species. The
molecular beam scattering experiments with liquid films by
Nathanson and co-workers show that the energy transfer to the
film is dependent on the mass of both partners of the collision
(i.e., mass of the gaseous impinging molecule and effective mass
of the surface¥? A large influence of the azimuthal orientation
of a single-crystal surface indicated the importance of direct
momentum transfe¥® The dependence of internal energy
deposition ratio on the size and shape of projectile ions was
suggested as due to the effective mass of the surface contacted
at the moment of impacé

The experiments in this study are designed to investigate (i)

hydrocarbon-terminated surfaces. These differences have beemvhether thedifference in internal energy deposition into

reported for ordered thin films such as SAMs of fluoroal-
kanethiols [e.g., CHCF,).CH,CH,SH, n = 7, 11] vs n-
alkanethiols on gold®2! and thin films of a liquid perfluo-
ropolyether (PFPE) vs pump oil residue on métaf An

projectile ions with fluorinated and hydrocarbon terminated
surfaces is mainly caused by the rigidity of (iFvs (CH), or

the mass (momentum) effect tdrminal fluorine vs hydrogen
and (ii) whether thalifferencein neutralization of projectile

impulsive excitation is suggested in the literature as a dominantions is mainly controlled by the exposed surface groups (e.qg.,
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The CRk-terminated model surface also raises an additional
interesting point. It provides a convenient model surface for
further experimental examination of the proposed mechanism
of multiple fluorine additions to an atomic transition metal
projectile ion?8

The present study compares the results obtained with a model
surface terminated by a GEH,),- group to those obtained with
n-perfluoroalkyl- or n-alkyl-terminated surfaces. Langmtir
Blodgett (L—B) films*°41 were utilized in this study. In the
1930s, Irving Langmuir and Katharine B. Blodgett discovered
the technique of transferring monomolecular films of am-
phiphilic molecules (e.g., fatty acids or their dicovalent metal
salts) from an airwater interface to a solid substrate (e.g., a
glass or metal plate) to form a monolayer or a builtup multilayer
by dipping procedures. Since then, comprehensive investigations
made on =B films for diverse purposes using a great variety
of amphiphilic molecules have been described in many books
and review papers, including several excellent recent #és.
In a Communication to this journal in 1997, we reported, by
using isotopically labeled £B films, that low-energy ior
surface reactions of organic projectiles predominantly involve

(34) Pradeep, T.; Miller, S. A.; Cooks, R. | EIEININIEN
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the outermost surface groups (e.g., terminal methyl group onice, then 10% HSQO, was added slowly until Al(OH)dissolved, and
13CH3(CH2)15COOH or C}(CH,)1COOH L—B fiIm).25 A extracted with BEXO. The EtO layer was washed with saturated NacCl,
reason for our choice of the+B films for the present study,  dried over MgS@, and concentrated under vacuum. The residue was
quite similar to that in our previous Communication, is that the purified by column chromatography (SIOCCH,Cl.—MeOH, 99:1) to
material to make the desired surface (i.e.a(CF,).-terminated give 12,12,12-trifluoro-1-dodecano#,(2.40 g, 99%).4: Colorless

- . . ; . crystals. Mp 42.0°C. MS m/z 222 (M" — OH). HRMS Calcd for
L—B film) is available, whereas the materials for making CasHaiFs (M* — OH) 222.160; found 222.160. IR (KBr) crh3700~

equivalent SAM surfaces were npt ayailable when we began 3200 (O-H), 2928, 2860 (&H). *H NMR (CDCl;) 6 1.15-1.45 (15H,
this study*? Recently, characterizations of SAM surfaces b), 1.56 (4H, m), 2.05 (2H, qi] = 10.6, 7.5 Hz), 3.64 (2H, {] = 6.6
prepared from CHCHz):SH (n = 9-15) have been re-  Hz).%F NMR (CDCk) ppm —3.42 (3F, t.J = 10.6 Hz).
ported?344Terminally fluorinated fatty acids, 18,18,18-trifluo- 1-Bromo-12,12,12-trifluorododecane (5)Concentrated k50, (7.60
rooctadecanoic acid and 12,12,12-trifluorododecanoic acid, weremL) and 48% HBr (30.0 mL) were added to 12,12,12-trifluoro-1-
synthesized initially fof°F NMR studies of the stabilizing ef-  dodecanol4, 9.77 g, 40.67 mmol) alternatingly under ice-cooling, and
fect of vitamin E on liposome membran®sThe synthesis of the mixture was refluxed at 13% for 5 h. After cooling, the mixture
18,18,18-trifluorooctadecanoic acid, §€H,)1sCOOH, and its ~ Was extracted with CiCl,. The CHC, layer was washed with 10
use in the investigation of iersurface interactions are reported then with saturated NaHG(xried over MgS@ and concentrated under
here. vacuum. Thg residue was purified py column chromatography,(SiO
hexane) to give 1-bromo-12,12,12-trifluorododeca®el@.27 g, 99%).

. . 5: Pail yellow oil. Bp 114.0°C/5.00 mmHg. MSwz 302 (M"), 304

Experimental Sections (M + 2). HRMS Calcd for GH,,BrF; (M*) 302.086; found 302.087.

1 al 1
(A) Synthesis of 18,18,18-Trifluorooctadecanoic Acid and 12,- IR (neat) cnT™ 2932, 2860 (E-H). 'H NMR (CDC) 0 1.15-1.49

12,12-Trifluorododecanoic Acid. The experiments at Setsunan Uni- (213'5_'(;)_' 1q‘:’§ (_2'_1'0% :775'()'_"2)'73'_':())’ (1225 'fJZE?tUO:I—|Z)319IZ2NI\|_/|I§2)
;/:Mrcs)\l:/); Japan, for synthesis and purification of these two acids are as(CDCIg) ppm —3.42 (3F, £.J = 10.6 Hz).
Methyl 12,12,12-Trifluoro-10-iodododecanoate (2)Methyl 10- 1-(12,12,12-Trifluorododecyl)cyclohexanol (6)ln an atmosphere

undecenoatel( 8.72 g, 44.0 mmol) was dissolved in MeOH (20.0 mL). \(I)Jaéréé(-jt;ré)rgoélihlsz,:g:igfr:ugfrol_(:o(gegg 25’ (07'071g ,gm?o?)su%?(;n gl)
This solution and Raney Ni (W-2) (2.09 g) were then sealed in a mL). and the mixtur P mmer d'n. n I%r .n' bath till th r. tion
stainless steel tube. The tube was cooled-#8 °C, and CEl (6.50 ), a € mixiure was Immersed in an ultrasonic bath i the reactio

mL) was added using a vacuum line. The tube was sealed and Stirredstarted (about 10 min). After the reaction started, a solution of 1-bromo-

at 80°C for 20 h. After the catalyst was filtered off, the solvent was 12,12,(11§-t3flgorod9de(_:an?;6 ,(1HOOhg, 3.3hz ”"T‘O') in EO (10.'0 r(;wl;)
evaporated under vacuum, and the residue was dissolved iGICH wdac.;;_t_a Tl hrt')a\r;twme "l] h.5 1 en0t78 mll_xtgr7e5was sltlrre %rdag
The CHCI; layer was washed with saturated NaH{ADd dried over f t;flona. 1 ) .ter cye Ot' exgno:]e( ) tm C t mmo)wasr]tel Tﬁ
MgSO. After evaporation of the solvent, the residue was distilled to "0, 'S MXture, 1t was stired at room temperature overnight. The

. i O o mixture was poured into icewater, neutralized with 10% HCI, then
g-w?:gl]citl?s/lstzill 1;511205”22%001&)'?2;?;e&;?fﬁgﬁﬁf) gH%SM/;) ’ extracted with BEXO. The EtO layer was washed with saturated NacCl,

. dried over MgS@, and concentrated under vacuum. The residue was
Calcd for GaHxF310, (MT) 394.062; found 394.063. IR (neat) cin - ;
2932 286213((:—2?-1)3 127512 éOOCHg) 'H NMR (CDCh) 6 1(15_1) 45 purified by column chromatography (SiChexane-CH.Cl,, 7:3) to
(1OH' ), 162 (2|_,| quing = 7.3 Hz') 1.75 (2H, m), 2.30 k2H ﬂ': give 1-(12,12,12-trifluorododecyl)cyclohexand, 0.431 g, 40%)6:

Yellow oil. MS m/z 322 (M*). HRMS Calcd for GgHzsFsO (M)
7.6 Hz), 2.83 (2H, m), 3.67 (3H, 5), 4.19 (1H, i NMR (CDCl) 322.248; found 322.249. IR (neat) ct3600-3200 (O-H), 2932,
ppm (from GHsCFs) —1.12 (3F, t,J = 10.3 Hz).

p 1
Methyl 12,12,12-Trifluorododecanoate (3)Zn (1.97 g, 30.1 mmol) 2860 (C-H). "H NMR (CDClg) 9 1.15-1.75 (31H, b), 2.05 (2H, qd

= 10.3, 7.5 Hz)%F NMR (CDC m—3.42 (3F, t,J = 10.3 Hz).
NiCl,-6H,0 (0.36 g, 1.50 mmol), and 4@ (5 dr) were stirred in THF ’ ) (CDCl) ppm 342 (3F, L, } Hz)
e . 18,18,18-Trifluoro-6-oxooctadecanoic Acid (7)To a solution of
(25 mL) for 15 min in a stream of Ar, and methyl 12,12,12-trifluoro- - .
. I 1-(12,12,12-trifluorododecyl)cyclohexand, (1.52 g, 4.73 mmol) in
10-iodododecanoat,(5.85 g, 14.8 mmol) was added to this mixture. ) . .
. . . acetic acid (55.0 mL) was added Gr@.379 g, 3.79 mmol) with
After the mixture was stirred at room temperature for 3 h, it was poured vigorous stirring for 10 min. Then CiJ4.13 g, 41.3 mmol) was added
into saturated NaHC® After the mixture was stirred for 30min, it 9 9 ) 220, 2L

) ) ) slowly keeping the mixture under 3TC by ice-cooling. After the
was filtered through a Celite layer. The layer was washed wit Et : ; .
The filtrate and washings were combined and extracted wih.Bthe mixture was stirred for 3 h, 40 (50.0 mL) was added, and the mixture

. . was extracted with BO. The EtO layer was washed by water, then
E;Zilra\)//;&man? ﬁizhziﬂgzdﬁéggid g;’;;gﬂgsgo?unrg:zzfgm;?ée?a h extracted with 5% NaOH. The aqueous layer was acidified with 36%
; P y 9"aPNY 1 and extracted with EO. The EtO layer was dried over MgSO

(SiO,, hexane-Et;,0, 9:1) to give methyl 12,12,12-trifluorododecanoate ; :

(3, 3.75 g, 94%)3: Colorless oil. MSmz 268 (M*). HRMS Calcd and concenFrated under vacuum. The residue was recr.ystalllzed from

for CadHgFa0» (M) 268.165; found 268.166. IR (neat) chi2936, hexe:)ne t(? give 18,18,18-tr|fluoro-6-oxoogtadecan0|c acjd(773 g,

2864 (C-H), 1744 COOCHy). *H NMR (CDCl) 6 1.15-1.45 (14H, 46.4/0).7.7lCo|or|ess plates. Mp 52:663.0°C. MSm/z 352 (M"). IR

b). 1.58 (2H, m). 2.05 (2H. qil = 10.6, 7.5 Hz), 2.30 (2H. = 7.6 (KB cm_3651(}3200 (O-H), 2920, 2856 (CH), 1734, 1710

Hz), 3.66 (3H, 5)1%F NMR (CDCk) ppm —3.42 (3F, tJ = 10.6 Hz). %O(;g%iz,f)'m;' '2\”‘\1"7'?(&%'3%'3)_6713'1$ )11'3:8,61,\;‘:'(2)[')&?7 (2,:'
12,12,12-Trifluoro-1-dodecanol (4)A solution of methyl 12,12,- 342 (3F, t,:] ~'101 Hz). ' ' ’ PP

12-trifluorododecanoate(2.70 g, 10.1 mmol) in &O (10.0 mL) was 18,18,18-Trifluorooctadecanoic Acid (8)A suspension of Zn (1.40

dropped into a suspension of LiAIH0.458 g, 12.1 mmol) in EO -
. . g, 21.3 mmol) and HgGI(0.124 g, 0.457 mmol) in 36% HCI (0.60
(20.0 mL) at room temperature in an atmosphere of Ar, and the mixture mL) and HO (15.0 mL) was stirred for 5 min. After the surface of Zn

was stirred at room temperature for 5 h. The mixture was treated with was amalgamated, the aqueous phase was decanted off. To this Zn,

(42) Gu, C.; Angelico, V. J.; Wysocki, V. H.; Harada, A.; Takaya, H.; H,O _(4.00 mL), 36% HCI (11_.0 mI__), toluene (6.40 mL), and 18,18,-
Kumadaki, I. Proceedings of The 46th ASMS Conference on Mass 18-trifluoro-6-oxooctadecanoic acid,(0.154 g, 0.437 mmol) were

Spectrometry and Applied Topjc®rlando, FL, 1998. added in this order, and the mixture was refluxed for 30 h under
(43) Miura, Y. F.; Takenaga, M.; Koini, T.; Graupe, M.; Garg, N.;  vigorous stirring. To keep the acidity of the medium, 36% HCI (0.50
Graham, R. L. Lee, T. RLa00M4r 1998 14, 5821-5825. ~mL) was added every 6 h. The mixture was diluted witfOHand
b (44) Houssiau, L.; Graupe, M.; Colorado, R.; Kim, H. 1., Lee, T. R.;  gyiracted with BO. The E£O layer was washed with 40, dried over
erry, S. S.; Rabalais, J. \jimisiaitaigiys1998 109 9134-9147. . .
(45) Nishimura, M.: Koyama, M.; Takagi, T.; Ando, A.; Kumadaki, I.: MgSQ,, and concentrated under vacuum. The residue was recrystallized

Urano, S.Bitamin E kenkyu no shimpo (Progress in Studies on Vitamin E from hexane to give 18,18,18-trifluorooctadecanoic agido(042 g,
(Japanese); Sankyo Shuppan: Tokyo, 1995; Vol. V. 28%).8: Colorless plates. Mp 68-769.0°C. MSm/z 338 (M*). HRMS
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Figure 1. Surface pressure as a function of surface area (i.e., Langmuir
isotherms), measured at room temperature in-8ltrough, with 5x

1075 M Al %" in water as the subphase for {EH,)16COOH, CR(CHy)10-
COOH, andh-C;3F,7COOH and with 5x 10-4 M Cd?* in water as the
subphase for stearic acid.

Calcd for GgHa3F:0, (MT) 338.243; found 338.242. IR (KBr) cm

3700-3300 (O-H), 2920, 2852 (€&H), 1706 COOH). 'H NMR

(CDCl3) 6 1.15-1.45 (24H, b), 1.55 (2H, quid = 7.8 Hz), 1.64 (2H,
quin,J = 7.2 Hz), 2.07 (2H, qtJ = 10.1, 7.5 Hz)1°F NMR (CDCk)

ppm —3.42 (3F, t,J = 10.1 Hz).

12,12,12-Trifluorododecanoic acid9) was converted from methyl
12,12,12-trifluorooctadecanoat8) (via NaOH catalyzed hydrolysis
followed by acidification.9: Colorless wool. Mp 49.550.0°C. MS
m/z 254 (M*). HRMS Calcd. for G;H»1F:0, (M™) 254.149; found
254.149. IR (KBr) cm* 3700-2200 (O-H), 2928, 2860 (&-H), 1702
(COOH). H NMR (CDCly) 6 1.15-1.45 (14H, b), 1.58 (2H, m), 2.05
(2H, gt, J = 11.0, 7.50 Hz), 2.30 (2H, tJ = 7.63 Hz).%F NMR
(CDCls) ppm —3.42 (3F, t,J = 11.0 Hz).

(B) Preparation of L—B Films. The preparation of the £B film
from octadecanoic acid{Ci7H3sCOOH, stearic acid) follows a well-
established “textbook” method with €das the counterion in the
aqueous subphase 510 M CdCl,).*° The preparation of the£B
film from perfluorotetradecanoic acid+Ci3F7COOH) follows the
method of Nakahama et &f.yvho first successfully deposited the-B
film of a perfluorinated fatty acid (e.gn-CigF1COOH) by using a
subphase containing . We have found that a well-packed monolayer
of 18,18,18-trifluorooctadecanoic acid forms onx510™°> M Al3*
(AICI3) aqueous subphase, the same subphase used by Nakahama
al. for a perfluorinated fatty acitf.It is noteworthy that we found no
packed monolayer of 18,18,18-trifluorooctadecanoic acid forms on the
subphase of either €d (0.5 mM CdC}) or 0.01 M HCI aqueous
solution which are two typical subpha$essed for making B films
with “normal” fatty acids. Figure 1 gives the surface pressure as a
function of area per molecule (i.er,~ A, Langmuir isothermal curve),
measured in a £B trough with 18,18,18-trifluorooctadecanoic acid
molecules on the aifrwater interface. The measured isothermal curves
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surface collision experiments. A Y-type multilayer-B film is that

with hydrophobie-hydrophobic or hydrophilie hydrophilic interactions
between two adjacent layers (i.e., tail-to-tail, head-to-head), built when
a vertically oriented substrate surface is repeatedly pulled-up and
pushed-down through the monomolecular film on the—aiater
interface’® The L—B films were deposited in a NIMA (Type-611,
England) LB trough. The amphiphilic carboxylic acid molecules were
spread onto the wateair interface in a 0.1 mM solution of
chloroform (HPLC grade). The surface pressure of the monolayer during
the deposition was maintained at 321073, 27 x 1073, and 23x

1073 N-m~* for n-C;7H3sCOOH, n-Cy3F7COOH, and CE{CH;)16COOH

L—B films (hereafter referred to astearate perfluorinated,and CFs-
(CHy)n-terminatedL—B films, respectiely). The dipping speed of the
metal substrate was kept at 3 nmin~!. Stearic acid (99%) and
perfluoroteradecanoic acid (9%6) were purchased from Aldrich and
used without further purification. The high-purity water ([conductivity]

-1 > 18 MQ-cm) used for the subphase in the-B trough was
generated by a Nanopure (Barnstead, Dubuque, IA) or a Milli-Q-plus
(Millipore, Bedford, MA) ultrapure water system. Mechanically polished
aluminum plates, cleaned by ultrasonicating in various organic solvents
after the plates were exposed to air for a few hours (the presence of
oxide is presumed and desirable), were used as the substrates of the
L—B films. The L—B films prepared (the film covering area on the
substrate was as large as 20 mn30 mm) were put in a surface holder
and stayed in the vacuum chamber (of the instrument described below)
overnight before iorrsurface collision experiments.

(C) lon—Surface Collision Experiments.lon—surface collisions
were carried out on a SID tandem mass spectrometer that has been
described previousiz*Briefly, the mass spectrometer consists of two
Extrel (now ABB Extrel, Pittsburgh, PA) 4000 amu quadrupole mass
analyzers positioned at 9@elative to each other, with the surface
bisecting the two quadrupoles. The precursor ions used in this study
were all generated in an electron impact ionization (El) source. All
chemicals used to generate projectile ions, exceptvire introduced
into the EI source region through a needle valve inlet attached to a
sample reservoir. & was introduced by thermal desorption at 4@
from a direct probe for solids. The atomic metal ions (e.g.,;"Mor")
used in the experiments were generated from the metal hexacarbonyls
by El. The beam of precursor ion that are mass selected by the first
quadrupole was incident onto the surface at roughRitd3he surface
normal. Product ions resulting from collisions with surfaces were
collected by focusing electrostatic-lenses and analyzed by the second
quadrupole. The collision energy was determined by the potential
difference, between the El source block and the target surface,
multiplied by the charge of the ion. The SID instrument has a surface
holder that can carry several surfaces, which makes it possible to obtain
results for different surfaces under the same instrumental conditions
by moving each surface into the ion path. The ion beam density is less
than 1 nA in a 0.5 crharea®® of the ion-surface impact. In the
experiments of the present study, each film was used fer3D0min
in ion—surface collisions. Note that the “static” limit ef10'? ions/

&fY in SIMS! may not be applied here, because the collision energies
in our study are much lower than those in SIMS.

Results and Discussion

Different chemistry occurs when organic projectile ions
collide with flurocarbon vs hydrocarbon terminated organic thin
films (L—B films in the present study). Several sets of
experimental data are presented and discussed below that are

for stearic acid and perfluorotetradecanoic acid are provided as dashecimed at determining the effect of different terminal surface

lines in Figure 1 for comparison. The isothermal curve of 12,12,12-
trifluorododecanoic acid, which has a shorter chain length than 18,-
18,18-trifluorooctadecanoic acid, is also provided in Figure 1. Note
this shorter chain length,w,w-trifluoroalkanoic acid does not form a
close-packed (“solid phase”) monolayer on the-aiater interface’
Three-layer Y-type EB films, with the hydrophobic end as the
terminal group at the vacuunfilm interface, were used in our ien

(46) Nakahama, H.; Miyata, S.; Wang, T. T.; Tasakdiiiinniies
1986 141, 165-169.

groups (namely Cfvs CHg) on the different chemistry of

hyperthermal ior-surface interactions. The experimental data
include those for internal energy deposition, electron transfer,
and ion-surface reaction. Also provided are comparisons of

(47) This is not surprising. The longer the amphiphilic molecule, the
better the quality of the £B film. For example, to prepare a vinyl-
terminated =-B film, naturally occurring CH=CH(CH,)sCOOH had to
be expanded to CH-CH(CH,),0)COOH by chemical synthesis, see:

Barraud, A.; Rosilio, C.; Ruaudel-Teixier, | NG 1077,
62, 509-523.
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Figure 2. The product ion spectra acquired when benzene molecular
ion (m/z 78) collides at 30 eV kinetic energy with Y-type three-layer
L—B films prepared from (a)-C;37COOH (AP salt), (b) CR(CH,)16-
COOH (AF* salt), and (cn-Ci7H3sCOOH (Cé* salt).
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Figure 3. The product ion spectra acquired when dimethyl sulfoxide-
ds (DMSO-ds) molecular ion Wz 84) collides at 20 eV kinetic energy
with (a) n-C13F27COOH, (b) CE(CHz)J_sCOOH, and (C)"I-C17H35 COOH
L—B films.

data for polyatomic ions vs atomic ions, and lower collision
energies (e.9.£100 eV) vs a slightly higher energy (e.g., 220
ev).

Transfer of Kinetic Energy into Internal Modes for
Polyatomic Projectile lons. The energy deposition at collision
energies<100 eV was investigated by using several different
projectile ion probes: e.g., benzene molecular ion, dimethyl
sulfoxideds (DMSO-ds) molecular ion, and tungsten hexacar-
bonyl molecular ion. The product ion spectra recorded when
benzene molecular iomy{z 78) collides at 30 eV with three
different L—B films are shown in Figure 2. The spectra of
DMSO-ds molecular ion vz 84) at 20 eV collisions with the
same LB films are given in Figure 3. As shown by these
spectra, the GfCH,)-terminated =B film gives results similar

Gu et al.
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Figure 4. Energy-resolved mass spectra for surface-induced dissocia-
tion (SID) of W(CO)" with (a) n-C13F7COOH, (b) CK(CH,)16COOH,

and (c)n-C,7H3sCOOH L—B films. The products of “chemical side
reactions” other than the unimolecular dissociation of W(£Qire

not included (e.g., ionsurface reactions and chemical sputtering of
surface species during SID). The total abundance of those “byproduct”
ions increases in the raw spectra as collision energy increases (e.g.,
approximately 10% of the total scattered ions at 60 eV collisions with
perfluorinated and GffCH;,)-terminated =B films, a little more than

20% at 70 collisions with the same two films).

to those for the perfluorinated filpbut quite different from
those for the stearate film. This is evident by the following three
observations: (i) overall shape (product ion distribution) of the
spectra, (ii) ratios of low mass fragments, and (jii) surface
reaction products.

It is seen in Figures 2 and 3 that the 40&H,)-terminated
L—B film provides a percent fragmentation of the projectile
ions similar to that given by the perfluorinated—B film
(Figures 2a vs 2b and 3a vs 3b), but different from that produced
by collision with the stearate +B film (Figures 2c and 3c).
Furthermore, some low mass fragments that require relatively
higher energies, such ast™ (nm/z 26) from benzene (Figure
2a,b) and CR" (m/z 18) from DMSQ¢s (Figure 3a,b), are
present in SID spectra for both perfluorinated ang(CH,)-
terminated =B films, but are absent in the spectra for the
stearate B film (Figures 2c and 3c). All of these results
indicate that similar internal energy is deposited into the
projectile ions with CE(CH,),-terminated and perfluorinated
L—B films.

The fragmentation patterns produced when the W¢EO)
projectile ion collides with the films were used to estimate the
percentage of kinetic energy transferred to internal energy (T
— V). W(CO)* is an established “thermometer” ion (with a
known unimolecular dissociation pattern and established dis-
sociation energetics) that has been used for this purpose
previously®18:34.354850The energy-resolved SID mass spectra
of W(CO)" (up to 70 eV) obtained with the three-B film
targets are illustrated in Figure 4. The trend observed with
W(CO)" (Figure 4) for these three+B films is the same as
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surface current
perfluorinated 0.37 nA
CF,(CH,), 0.39 nA
stearate 0.50 nA
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90 Figure 6. Total scattered-ion current (TIC) recorded by the detector

Collision Energy (eV) of the SID tandem mass spectrometer when benzene molecular ions

collide at 30 eV kinetic energy with three different-B films.

Average Internal Energy (eV)
Total Scattered-lon Current ( Arb. Units)

stearate

Figure 5. Estimated average internal energy deposited into W{CO)
during SID with three different £B films as a function of collision
energies. Two data points at 60 and 70 eV collisions with perfluorinated
and CR(CHy),-terminated LB films are not included in the linear fit
(see discussion in text).

Another point that must be made clear is that we do not intend
to allege that the deposited internal energy as a function of the
collision energy should be linear over a large range of energy,
although a good linear relationship is shown in Figure 5 within
a range of collision energies. However, we ataonotconclude

that observed with the two small organic molecular ions (Figure ; e .
9 (Fig tthat the ratio of 7 V decreases at the collision energies above

2 and 3). For example, the maximum abundance of the fragmen . . ; .
W(CO)*, formed by the loss of two CO molecules, occurs at 60 eV with perfluorinated and GEEHy)-terminated kB films,

approximately 20 eV collision energy with both perfluorinated just based. on the deviation qf two data pqints "f}t 60 and 70 e”V
and CR(CHy)-terminated =B films (Figure 4a,b), but at _for those fllms_. Th_ere are I|m|tat|_ons of using a the_rmorr_leter
approximately 40 eV collision energy with the stearate film ion for the estimation of ¥ V during SID: (i) “Chemical side

(Figure 4c). Using an algorithm previously published by Cooks rea}ctlons N such as iorsurface react!ons and.chemlcal_ qut-
and co-worker&®5lthe distribution of internal energy deposited tering during SID, occur and are not included in the estimation

into W(CO)s* at each collision energy was estimated. The of internal energy. Significant errors could be caused if such

weighted average of each estimated internal energy distribution_Chemlcal side reactions” are not negligible. (iiThe maximum

is plotted against collision energy in Figure 5 internal energy that can be estimated using a “thermometer”
The estimated ratio of T~ V for W(CO)s* is determined as ion is limited by the molecular structures, dissociation pathways,

18.1% @1.5), 17.4% £0.8), and 11 g% £0.6) for the and activation energies for dissociation. For example, the energy

perfluorinated, CE{CH,),-terminated, and stearate-B films, range that can be estimated with W(GOJs about 13.0 eV

i + Wt =
respectively, assuming a linear fit is applicable (Figure 5). The (I.?fﬁg\r/é%?nbeter"\?cl)n, \I/Ev(thh ;3;21gl\ll)rﬁgiiiﬁﬁnnﬁ?r?iﬁgﬁeévlztzﬂ
errors listed in parentheses above represent twice the standar@S Cr(COy* is used (Cr(CQ)" — Cr*, Ey = 5.9 eV)g the
deviation of the least-squares linear fit shown in Figure 5, but o= ’

do not represent the genuine error that could be caused by theobserved deviation from linearity starts at even lower collision

algorithm for the estimation of the internal energies. The ﬁlﬁ;gﬁﬁexltgoﬂimga?fgitee?egggog(segriﬁtigm?f;g Il_J_ttBerin
estimated T— V ratios for perfluorinated and GECHy)n- p 9

terminated =B films are in good agreement with the previously Weé?egtegﬁr.\ll_?:ng:ﬁrgﬂ ;Z?ggeh; regc')l atomic Proiectile
reported value of 1920% for the fluoroalkanethiolate SAM lons. Neutralization of projectile ions occuyrs b electrcin transfer
surface on gold prepared from €EF,)11(CH,)>SH ! and the ’ proj y

i i i ,53
reported value of 18% for liquid perfluoropolyether (PFPE) thin from_ target surfaces during _|en;urface CO"'S'On§.' '_I'he
films on a metaf* Those cited values were obtained at a relative tendency of threetB films to cause neutralization of

collision angle similar to that in our SID instrument and using benzene molecular ions incident onto the films at 30 eV is

the same algorithm as that employed forB films in this study. presented in Figure 6. The figure is a plot of tqtal scatt'ered-i.on
The estimated value for the stearate B film is comparable currents (.TIC) recorded wh_en the precursor lons collide with
to the value of 1313% for SID on stainless steel covered with EnethLe_SBI glr:;;]’ d@;a;l{;:g Sw'ézttrré?ng%?‘gc;gtglglgg:'tzrred de_ti(ce)ﬁtsor
adventitious hydrocarbort§#8Different methods for the internal P

energy estimation other than the algorithm used in this study Irgggt(ijgnlnt?gég;ﬁg;iori:10gi’;?tmgufr;gemiizf’aan?:r?r:fa?r? the
have also been publish@d36-52However, this study concerns P ’ ’ pp 9

mainly the trend in internal energy deposition among thre@L spectra shown in Figure 2. The baseline in Figure 6 was recorded

. L . X when the two filaments in the EI source (Extrel, Pittsburgh,
films and other estimation methods will not be discussed here. PA) were turned off. Higher total scattered-ion currents (TIC)

48) Wysocki, V. H.: Ding, J. M.; Jones, J. L.; Callahan, J. H.; King, F. were recorded for perfluorinated and 40€H,),-terminated
L. H

S —— 0ﬁ392J '3’V§7732k" v 199 L—B films compared with that for the stearate film (Figure 6).
66(37)33:32?’36 '45‘6’.’&2%2"1?0’ <3 Wysocki, V. Halikbuiil 1994 This indicates less neutralization on both the perfluorinated film
(50) Wysocki, V. H.; Kenttamaa, H. I.; Cooks, R. Guissmidaas  aNd the CE(CHy) -terminated films than that on the stearate

54987, 75, 181-208. ) L—B film. The measurements reflected by the TIC curve are
(51) Dekrey, M. J.; Kenttamaa, H. I.; Wysocki, V. H.; Cooks, R. G.
n1986 21, 193-195. (53) Cooks, R. G.; Ast, T.; Pradeep, T.; Wysocki, il s

(52) Vekey, K_jisinummiammy 1996 31, 445-463. 1994 27, 316-323.
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Figure 7. Spectra resulting from 80 eV collisions of&" (m/z 360) Figure 8. Spectra resulting from 220 eV collisions of£" (m/'z 360)
with L—B films prepared from (a-CisF27COOH, (b) CR(CHy)16- with the same films as those for Figure 7, |.e.,r_@e¢13F27COOH, (b)
COOH, and (c)-Cy7H3sCOOH. CR(CHZ)16COOH, and (cn-Cy7H3sCOOH L—B films.

by five different methods). Almost all measured IE{{Care

in agreement with the current measured at the surface by A onsistent at 7.6 eV, whereas eleven reported JE[Tvalues

digital picoamperemeter connected to the target surface duringrange from approximately 9 to 12 eV with the arithmetic mean

the collisions. The hlgher the electric current at the target at ~11.0 eV Regardless of the exact value, the second
surface, the lower the ion current at the detector of the tandem. . " P
onization energy of g is higher than, or at least comparable

mass spectrometer. For example, one set of measuremen LSO i .
averages of surfaqe current is recorde.d as 0.37 nA:0.39 “AiEfjrtfgieez(ggftfg[gﬂz]aiog_? Z%rgﬁzzg]eeﬁ:é)g ttgrrg'fg?tf? conlm
]E_)l.SO nA for per flulorlnlated.ijCHz)n-tﬁ rm|rf1f§1t_ed.stearfate| tB an alkyl-terminated surface tos€" is expected to be exother-
lims, respectively. In summary, the efficiency of electron mic. This is in agreement with the fact that more than 99% of
transfer from the films to benzene molecular ion follows the )

. . the scattered ions recorded arg'€ ions when Gg2+ collides
ﬁlr:]ir perfluorinateds CF(CHy)r-terminated=< stearate EB with the stearate £B film (Figure 7c). In contrast, the expected
’ . ' higher ionization energy for the fluorocarbon surface (e.g., IE-
The relative electron transfer from three-B films was also _ _—
. i ) . . . [CsFg] = 13.4 eV) reduces the likelihood that electron transfer
investigated in a different way by using thgs@buckminster-

fullerene, “bucky ball”) doubly charged molecular iong@ will occur when G¢* is incident on a fluorocarbon surface.
1 6! ’ : .
Mz 360). Gy was chosen because of its remarkable stability in As a result of the higher IE of the fluorocarbons, a large portion

the gas phase. One noteworthy example in the literature is that of the Gy ions scatter from the surface without charge
in keV collisions with helium as target gas (keV CID)oC reduction (Figure 7a). Finally, more evidence for control of the

can encage a helium atom instead of fragmerf#§Due to electron transfer by the outermost group on the surfaces is that

_ h nf ; ; o+ 2+

the stability of Go, almost no fragments are observed when 80 the QE(C.HZ)”.te.r minated B film gives a.ratlo of Go™"-Ceo .
S . o g . that is quite similar to that for the perfluorinated surface (Figure

eV kinetic energy is applied in the collision ofg€" with

e . . 7b vs 7a).
tmhgaé_urlgdf;lsms (Figure 7). The electron-transfer reaction 220 eV Collisions of G+ with L —B Films. SID spectra

of Cec®™ at 220 eV are given in Figure 8. At this SID collision
energy, a number of fragment ion peaks at 12 or 24 u apart are
present in the spectrum with the perfluorinateeB._film (Figure

8a). These peaks correspond to doubly or singly charged
where RE is the recombination energy and IE the ionization fragments that are produced either by loss of a single entity

Ceo”" + e [from surfacel~ Cys ™, RE (x—IE[Cyy "))

energy. Many researchers have measured the IEgfyQusing Cx’ or by the sequential loss a8 from Csgions. In contrast,
various methods. For example, Scheier et®atompiled 8 the major fragment formed when@" collides with the stearate
reported values for the first ionization energy ofo@.e., IE- L—B film is seen as one peak of §&-C;]™ at a very low

[Cedl, measured by six different methods) and 11 reported values abundance (Figure 8c). The differences between the spectra
for the second ionization energy ofd%i.e., IE[Ceo*], measured  acquired with the perfluorinated vs the stearateBfilms are

54) (a) Weiske, T.; Bohme, D. K.; Hrusak, J.; Kratschmer, W.; Schwarz, similar to that_ reported preViOI_JSIV using SAM Surfafces of
H bgjggl 30, 884-886. (b) Weiske, T.; Bohme,  fluoroalkanethiolate vs alkanethiold&Even at this relatively

D. K.; Schwarz, H jaiiikteisli1991 95, 8451-8452. (c) Weiske, T.; higher collision energy, the GECH,),-terminated 1=-B film

Hrusak, J.; Bohme, D. K.; Schwarz, [iissiisssiasti 991 186, 459

462. (57) McHale, K. J.; Polce, M. J.; Wesdemiotis, il
(55) Ross, M. M.; Callahan, J. ikt 991 95 5720-5723. 1995 30, 33-38.

(56) Scheier. P.: Dunser. B.: Worgotter, R.; Lezius, M.; Robl, R.; Mark, (58) Scheier, P.; Dunser, B.; Worgotter, R.; Muigg, D.; Matt, S.; Echt,
T.D. 4994 138 77-93. 0.; Foltin, M.; Mark, T. D. itilamisgii 1996 77, 2654-2657.
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still gives a SID spectrum more like that with the perfluorinated MoF+
film (Figure 8b vs 8a), other than that with the stearateB. 7Y (a)
film (Figure 8c), in terms of fragmentation ofgicand charge
reduction from G?™ to Ceo'". Nonetheless, at this higher
collision energy, a little more charge reduction and a little less
fragmentation is provided by the @EH,)-terminated film in
comparison with the perfluorinatedHB film (Figure 8b vs 8a).
The results of a molecular dynamics (MD) simulation done by
Mowrey et al. show that the carbon lattice on a hydrogen-
terminated diamond surfa¢&11} is crumpled three layers deep
during the impact of a neutralggat 200 or 250 e\?2%0 |n
other words, the differences as shown with 3@H;)n-
terminated vs perfluorinated +B films (Figure 8b vs 8a)
indicate some significant contributions from the underlying
(CHo)n vs (CRy), for Cgo collisions with L—B films at 220 eV.
lon—Surface Reactions with L—B Films. DMSO-dg mo-
lecular ion Wz 84) was chosen as a probe for hydrogen ——— —
abstraction from the films (e.qg., Figure 3c). Benzene molecular 80 100 120 140 160
ion (m/z 78) is a good probe to investigate fluorine addition m/z
versus the addition of a hydrocarbon unit from the films, e.g., Figure 9. The metal atomic ion and its fluorine adduct ion region of
the product ions gH4F" and GHsF (m/z 95 and 96, respec-  the product ion spectra of Moincident at 60 eV kinetic energy on
tively; Figure 2a) versus the product iontG+ (mVz 91; Figure (@) n-Cy3F27COOH and (b) CECH)1COOH LB films. Solid
2c). For the perfluorinated B film, a small amount ofz line: isotope®™Vo™ selected as thg precursor ion. Dashed line: isotope
91 (not labeled, Figure 2a) and a small amount of [DM&O- ™Mo" selected as the precursor ion.
+ H]™ (not labeled, Figure 3a) indicate that the film is slightly . . . . )
contaminated by hydrocarbon, either during the preparation or frough (refer to Figure 1) gives a much higher intensityré
in the vacuum chamber (10to 1076 Torr pressure). The ratio 91 vsm/z 95 and 96 for the product ion spectrum of benzene
of miz 91 to m/z 95 and 96 in benzene spectra with the molecular ion (spectra_l not shown here). The percentage
perfluorinated LB film (Figure 2a) is similar to that with a  ragmentation is accordingly lower with the §EH,);0COOH
fluoroalkanethiolate SAM on gold prepared by 12 h immersion LB film (spectra not shown here) than that obtained with the
of gold substrate in the fluoroalkanethiol solution (unpublished CF3(CHz)16COOH LB film.
data in the Wysocki research group), whereas the same SAM Fluorine addition to an atomic ion with the-B films was
surface prepared by 72 h immersion gives almosimo91 2 investigated by using Moor Cr* ions as the projectile probes.
Note that hydrocarbon is much more reactive for the,CH Figure 9 shows the precursor ion and adduct ion regions of the
transfer to the projectile ions than fluorocarbon for the F product ion spectra for &#Mo™ (solid line) or9Mo* (dashed

T T T T T T T T
80 100 120 140 160

2Mo+ (b )

9%8Mo+

Relative Intensity

addition. Therefore, the relative abundancent# 91 vsm'z 95 line) incident at 60 eV onto the perfluorinated-B film (part
and& 96 (Figure 2a) does not represent the relative composition@) and Ck(CHy)r-terminated LB film (part b). Additions of
of two different species on the surface. With thesH,),- multiple fluorine atoms to a Mb projectile are seen with the

terminated =B film, the reaction products are similar to perfluorinated L=-B film (Figure 9a). The spectra obtained with
(although not exactly the same as) those formed with the perfluorinated L-B films are consistent with that previously
perfluorinated |=-B films (Figures 2b vs 2a and 3b vs 3a). This reported by Cooks and co-workers using a fluoroalkanethiolate
suggests that the terminal group is also the main determinantSAM surface of CE(CF,)11(CHz)2SH on gold?® Cooks and co-

of these atomic/group transfers to the polyatomic projectile ions, Workers suggested that some of the fluorine atoms in the
in addition to being the determinant of the energy transfer and additions come from the underlyingCF— on the fluoroal-
electron transfer for polyatomic projectile ions as discussed in kanethiol SAM surface (moreover, two or more of the multiple
previous sections. A slightly higher G#f adduct ion intensity fluorine atoms could be from the same surface fluoroalkyl
for the CR(CH),-terminated =B film relative to that for the ~ chain)?® Arguments in their proposed mechanism include the
perfluorinated film (Figures 2b vs 2a and 3b vs 3a) could be following: (i) Some of the required energy for the endothermic
the result of several possible factors: First, the packing quality Processes of M — MF,* could be provided by the energy
of the L—B film for 18,18,18-trifluorooctadecanoic acid and released in the concomitant€C bond formation on the surface
perfluoroteradecanoic acid could be slightly different and thus (€.9., a double bond formed between two carbon atoms of
the films could have different amounts of defect sites, and/or, terminal CRCF,; by abstraction of one fluorine atom from each
different tendencies for contamination after formation (e.g., in carbon) and (ii) the number of fluorine atoms in the additions
the vacuum chamber). Second, exposed methylenes gf CF and the relative intensities of the adduct ion peaks are dependent
(CHy),— at surface defect sites or some disruption sites causedon the incident angle of the primary ion beam, with the
by ion impact could contribute to a slightly higher @Hadduct ~ maximum at the angle of the surface norr#fah other words,

ion intensity. Future investigation of these iesurface reactions  the multiple number of fluorine additions could be dependent

with the SAM surface of CHCH,),SH* on gold will be of on the penetration of the atomic metal ion into a depth of the
interest. It is worth noting that a-+B film made from 12,12,- surface to reach at least the first &it underneath the terminal
12-trifluorododecanoic acid [GFCH,)1dCOOH] that does not ~ CFs group. According to their proposed mechan®&ithe
form a “solid phase” on the aitwater interface in the £B probability of fluorine additions would be predicted to decrease

oM B W Do BT Ve oW for the CR(CHy)n-terminated film. This is in agreement with
owrey, R. C.; Brener, D. ., bunlap, b. [.; intmire, J. - H i H
White, C. T. ML901 05, 7138-7145. the ex_perlmgptal qbservatlon that tr_le adduct ion pea}ks are of
(60) Beckm, R. D.; John, P.: Alvarez, M. M.: Diederich, F.: Whetten, R. lower intensities with CECH,)n-terminated vs perfluorinated
L. samibSemimia 1991 95, 8402-8409. L—B films (Figure 9b vs 9a). Similar results were also observed
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with a 52Crt ion (spectra not shown here). For example, the modes of a polyatomic impinging ion. Moreover, our results
intensity ratio of CF:CrF":Cri," is detected as 100:95:8.5 at  suggest that the outermost surface group (e.gs,\GFCH) is

40 eV collision with the perfluorinated+B, whereas no trace  the main determinant of this energy transfer with fluorinated
of Cri" is detected for 40 eV collision with the GIEH,)- vs hydrocarbon-terminated surfaces for a low-energy (e.g:, 10
terminated film and the ratio of CrCrF" is 100:19. The 100 eV) polyatomic projectile ion. On the other hand, it is still
penetration of the atomic projectile ion into a depth of the-CF  not clear whether the high electronegativity and low polariz-
(CH)rterminated film is confirmed by our observation of the  ability of fluorine plays a role in energy transfer. This question
extent of neutralization of Mband Cr incident on the film. could be addressed in the future using a series of model surfaces
By comparison of total scattered-ion currents (TIC) measured terminated by fluorine vs chlorine vs bromine. At this point,
for Mo™ incident at 60 eV on the £B films (TIC not shown our ability to understand the roles of underlying methylene/
here), the neutralization for 60 eV Maollisions with the films  fluoromethylene chains or an assembly of the surface backbone
has the following order: perfluorinated-B < CR5(CHg)n- chains in the conversion of translational energy into internal
terminated LB ~ stearate E-B. This is also illustrated by  modes of a polyatomic ion is still limited. First, the physical
different signal-to-noise ratios in Figure 9. Relative to that for processes of polyatomic iersurface collisions can be very
the perfluorinated film, the signal-to-noise for the 08H;)n- complicated. For example, multibody collision or collective
terminated L=-B is worse (Figure 9b vs 9a) due to the weaker collisions of a polyatomic ion with a number of atoms or groups
Signals (i.e., as a result of hlgher neutralization), although the on the surface can occur during the iesurface impact_ The
resolution of the quadrupole mass analyzer was actually openetyrientation or average orientation of a polyatomic projectile ion
a little in the acquisition of the spectra for the £€H;).- during the impact can influence the energy transfer. Moreover,
terminated =B film. Based on the results discussed abOVe, the time frames of the collisions (e_g_, a |Ow_energy p0|yat0mic
our experiments provide further evidence that could support the jon collision with organic thin films) are not yet well understood.
mechanisms proposed by Cooks and co-workeTe similar- Our experimental observations reported in this paper may
ity between CE(CHy)n- and CH(CH)r-terminated films for  encourage further experimental and theoretical investigations
electron transfer to the atomic ion Mat 60 eV collisions is 5 petter understand the processes.

in contrast to what is observed for polyatomic ions such as
benzene molecular ion (Figure 6) angs©C (Figure 7), and is
consistent with penetration oftomic metal ions into the
hydrocarbon portion of the GECH,),— film. The observations
discussed above suggest that there is a projectile-size dependen
for the low-energy ior-surface interactions. The results ofAr
scattering from a SAM surface of GEH,)155—Au, recently
reported by Rabalais and co-workétslso suggest the penetra-
tion of atomic Ar* ion into a few atomic layers of the surface.

The results of electron transfer (neutralization of a projectile
ion) and atom/group transfer (iersurface reaction) to an
impinging ion are distinctive for polyatomic ions vs atomic ions.
For polyatomic ions, the outermost surface group seems to be
%Re main determinant for the efficiency of these transfers. The
trends for different -B films toward the electron transfer to a
polyatomic ion, investigated in the absence of solvent and
electric double-layer effects, might provide information relevant
to studies of electron transfer at electred®lution interfaces
Conclusions and increase our knowledge of electron transfer through organic

) ~ thin films. Our results for neutralization and iesurface

The use of model surfaces, e.g., labeled by fluorine (this (eaction of aratomicion, together with ion scattering and ien

study) or by isotopes (our previous Communication to this g rface reaction results reported by other researchers, suggest

journal) at the outermost carbon, is an effective way 10 he penetration of an atomic impinging ion into a depth of the
investigate low-energy ionsurface interactions. Recent devel- s (e.g., the methylene portion of a GEH,).-terminated
opments in preparation of new thiolate SAMs and newB. ilm). ’

films will lead to future research in this direction that will better
characterize the ionsurface collision processes. In turn, the
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