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The interaction of dimethylamine (DMA) with partially oxidized polycrystalline copper [Cu(poly)] and clean and partially 
oxidized Cu(ll0) between 110 and 500 K has been examined using electron stimulated desorption (ESD), high resolution electron 
energy loss spectroscopy (HREELS) and temperature programmed desorption (TPD). ESD mass spectra of the DMA adsorbed on 
O/Cu(poly) between 112 and 230 K consistently display peaks at 44 amu [(CH,),N]+ and 46 amu [(CH,),NH-HI+, but no 
significant parent peak at 45 amu [(CHs)2NH]f, even though this last feature is prominent in the gas-phase mass spectrum. OH- is 
not observed at temperatures below 184 K and the yield at higher temperatures is much less than that of O+. HREELS of DMA on 
clean and oxygen covered Cu(ll0) obtained at temperatures between 100 and 320 K show characteristic vibrational spectra for 
molecular DMA and no OH(a) vibrational modes. TPD results show that the desorption profiles of all the major peaks in the DMA 
mass spectrum follow that of the parent peak with no evidence for production of H,O. The ESD, HREELS and TPD results all 
indicate that DMA is molecularly and reversibly adsorbed, with no significant formation of surface hydroxyl species, The results 
indicate that preferential adsorption of amines from amine/epoxy mixtures onto metal oxide surfaces could passivate the surface and 
prevent subsequent bonding to the epoxy resin. 

1. Introduction 

Because amines are commonly used as curing 
agents in epoxy resins, the chemical interactions 
which may occur between amines and a metal or 
metal oxide surface are of significant interest in 
arriving at a more complete understanding of the 
epoxy-metal adhesive joint interface. The interac- 
tion of amines with aluminum oxide surfaces has 
received considerable attention, in large part due 
to the importance of epoxy-aluminum bonds to 
the aerospace industry. For example, Baldwin et 
al. [l], examined the interaction of amines with 
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aluminum oxide surfaces using infrared and 
calorimetric techniques, while Comyn et al. [2] 
have used inelastic electron tunneling spec- 
troscopy (IETS) to explore the interaction of 
aliphatic amines and epoxide groups with an 
aluminum oxide surface. Affrossman and co- 
workers have used IETS [3] and XPS [4] to study 
models of amine-cured epoxy resins in contact 
with oxidized aluminum surfaces. These studies 
suggest that aluminum oxide-amine interactions 
are considerably stronger than aluminum oxide- 
epoxide interactions [1,2] and that amines will 
adsorb preferentially at the metal oxide surface [l] 
and prevent curing of the epoxy at the interface 
[2]. The formation of amine salts at the surface 
has been inferred [1,3,4] with significant alteration 
of this interaction in the presence of water vapor 
[4]. Adhesion studies also indicate that the 
epoxy/amine stoichiometry can significantly af- 
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feet interfacial bond strength to a variety of metal 
oxide surfaces [5]. Corresponding interactions of 
amines with copper or copper oxide surfaces have 
received relatively less attention, in spite of the 
importance of epoxy-copper adhesion to such 
technologies as microelectronic packaging and 
printed circuit board manufacture [6,7]. 

In the study reported here, we focus on the 
interaction of a simple aliphatic amine, dimethyl- 
amine (DMA), with copper surfaces which have 
been partially oxidized in-situ. This study was 
motivated in part by a recent HREELS study of 
DMA on partially oxidized Cu(ll0) which indi- 
cated that C-N bond scission and the formation 
of surface hydroxyl groups occurred below room 
temperature [S]. The stability of C-N bonds in 
amines at metal surfaces has received considerable 
attention from the catalysis community [9,10], but 
the question is also important for epoxy-metal 
adhesion. Dissociation of C-N bonds could lead 
to nitrogen chemisorption at the surface with dan- 
gling bonds or lone-pair orbitals free to interact 
with epoxy rings. Adsorption with the C-N bond 
intact on the other hand, would lead to a nitrogen 
chemically bound to the surface through its lone- 
pair electrons with the relatively inert alkyl groups 
protruding away from the surface and inhibiting 
any subsequent epoxy-surface interactions. Co- 
myn et al. [2] have suggested that such interactions 
at aluminum oxide surfaces could result in “weak 
boundary layers” due to the blocking of chemical 
interactions between the surface and the epoxy 
resin [2]. 

We have used electron stimulated desorption 
(ESD), high resolution electron energy loss spec- 
troscopy (HREELS) and temperature pro- 
grammed desorption (TPD) to characterize the 
interaction of DMA with partially oxidized poly- 

crystalline [O/Cu(poly)] and clean and partially 
oxidized Cu(ll0) surfaces. Our results show that 
adsorption is molecular and reversible between 
100 and 320 K; no CN bond scission occurs 
prior to desorption. ESD, HREELS and TPD 
results indicate no significant surface hydroxyl 
formation. TPD results from DMA on annealed 
and unannealed O/Cu(llO) show similar behav- 
ior, therefore ESD and AES results from O/ 
Cu(poly) can be compared directly with the 

HREELS and AES results from O/Cu(llO). 
While the use of HREELS, TPD, and more 

recently static secondary ion mass spectrometry 
(SSIMS) [11,12] for elucidating the structures of 
adsorbates on surfaces is well established, the use 
of ESD and PSD (photon stimulated desorption) 
is not. PSD studies of methanol and cyclohexane 
on metal single crystal surfaces has yielded little 
besides H+ at submonolayer coverages [13,14] 
However, because electron- and photon-induced 
processes which result in adsorbate desorption 
also probe the screening response of the substrate 
in the vicinity of the adsorbate [15], the use of 
ESD or PSD as a surface analytical technique has 
potential for the study of adsorbates on clusters, 
thin film overlayers, thin oxides, and other sys- 
tems where the electrical properties of the sub- 
strate are sensitive to subtle changes in chemical 
state. In addition, the sensitivity of ESD to H, 
OH, and related species which are not easily dis- 
tinguished by other electron spectroscopies such 
as XPS, make ESD a useful technique for comple- 
mentary information. In this paper we present one 
of the first reports of the use of ESD to extract 
structural information from an organic adsorbate 
on an inorganic substrate. The HREELS and TPD 
results both corroborate and complement the con- 
clusions drawn from the ESD data. 

2. Experimental methods 

2. I. Sample preparation and dosing 

The Cu(poly) foil (99.999% purity) and Cu(ll0) 
single crystal were mounted so they could be 
cooled to 110 K and heated to 650 K. Sample 
cleaning was accomplished by Ar+ bombardment 
at l-2 keV (300-450 K) and the cleanliness was 
monitored by AES using a cylindrical mirror 
analyser with a coaxial electron gun. All AES data 
on Cu(poly) were obtained using a primary beam 
energy of 3 keV with a beam current (1,) less that 
34 PA/cm2 and a modulation voltage (l/mod) of 4 
V peak-to-peak. All AES data on Cu(ll0) were 
obtained using I, = 10 PA and Vmlmod = 10 V peak- 
to-peak. 
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Exposure of the sample to 0, (99.9999%) was 
carried out by backfilling the chamber to a con- 
stant pressure for a predetermined period of time, 
or by using a calibrated gas doser located near the 
face of the sample. The chamber pressure was 
monitored by a nude ion gauge calibrated for the 
ion gauge sensitivity to N,. All exposures are 
reported in Langmuir units (1 L = 1 x lop6 Torr . 
s). The 0, gas exposures were not corrected for 
the small difference in ionization cross-section or 
gas flux for 0, relative to N,. 

The clean Cu(poly) foil was partially oxidized 
by exposure to 0, at 310 K. Typical exposures 
were on the order of loo-130 L. The O(KVV) 
(510 eV) to Cu(LMM) (920 ey AES peak-to-peak 
height ratio of 0.16 k 0.02, observed for a 115 L 
exposure, agrees well with that observed by Rus- 
sell et al. [16], for saturation oxygen coverage at 
600 K on Cu(ll1). Characterizing this coverage in 
terms of percentage of a monolayer is obviously 
more difficult for a polycrystalline surface than 
for a single crystal surface. However, the O/Cu 
AES peak height ratio is about the same for 
Cu(ll1) and Cu(ll0) [16] and corresponds to an 
O/Cu atomic ratio of 0.45 for Cu(ll1). It is 
therefore reasonable to assume that the O/Cu 
atomic ratio for the polycrystalline surface after 
this oxygen exposure was - 0.5. 

Oxidation of the clean Cu(ll0) crystal on which 
the HREELS and TPD studies were performed 
was carried out using a constant exposure of 180 
L 0, (5 X lo-’ Torr, 360 s at 350 K with a 40 s 
anneal to 400 K). This procedure gave a constant 
oxygen coverage as determined by AES. The O/Cu 
peak-to-peak height ratio obtained after 180 L 
exposure was only 0.1 + 0.05, suggesting a some- 
what lower oxygen content than observed for 
saturation of either the polycrystalline sample or 
that reported for Cu(ll1) [16]. The reason for the 
difference in oxygen coverage is not clear, but the 
results reported below indicate that this possible 
difference in oxygen content between polycrystal- 
line and Cu(ll0) surfaces has no significant affect 
on the surface chemistry observed. 

DMA (99%) was obtained commercially (Al- 
phagaz, Walnut Creek, CA) and used without 
further purification. The purity of the DMA was 
checked by a residual gas analyzer during admis- 

sion to the analysis chamber. A peak was observed 
at 18 amu, but NH: (from the cracking pattern of 
DMA [17]) as well as H20+ can contribute to this 
feature. Therefore 17 amu, which is about 20% of 
the 18 amu peak height from H,O in our instru- 
ment, was used to monitor the presence of water. 
No intensity above background at 17 amu was 
observed, indicating no significant amount of 
water impurity. The DMA exposures were also 
carried out by backfilling the chamber to a con- 
stant pressure for a predetermined period of time. 
However, in contrast to the 0, exposures, the 
DMA exposures were corrected for gas flux and 
ionization cross-section ( S,,,/S,2 = 1.55 [ 181) 
relative to N,. In the HREELS and TPD experi- 
ments, a gas doser was used to expose DMA to 
the Cu(ll0) sample surface. 

2.2. ESD studies 

ESD studies were carried out in a turbomolecu- 
larly pumped vacuum chamber with a base pres- 

F+ 
ESD 

I) CU(POlY) 

Na+ 

1) O/Cu(p0ly) 

F+ 

K+ 
A 

m/e - 
Fig. 1. (a) ESD mass spectrum of freshly sputtered Cu surface 
at 300 K. (b) ESD of the same surface after 130 L 0, exposure 

at 300 K, followed by cooling to 112 K. 
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sure of 1 X 10-r’ Torr and an operating pressure 
of (3-6) x lop” Torr. ESD spectra were obtained 
with an electron beam energy of 500 eV using an 
electron gun with an indirectly heated cathode. 
Beam currents were held constant during each 
ESD experiment, but varied slightly from experi- 
ment to experiment. Total beam currents were at 
or below 200 nA (determined by biasing the target 
to + 90 V) and were distributed over a spot size of 
- 4 mm2 (estimated by imaging the beam on a 
phosphor screen). Positive ions desorbed from the 
target were detected using a modified quadrupole 
mass spectrometer. Data were recorded using a 
multichannel analyzer in the signal averaging 
mode. Each ESD mass spectrum was recorded by 
signal averaging a number of individual mass scans 
(O-48 amu). No significant difference was ever 
observed between the locations and relative inten- 
sities of peaks recorded in the first and last scans. 
Therefore, electron beam damage had no signifi- 
cant qualitative effects on the spectra reported 
here, although the effect of electron bombardment 
on absolute ion yields was not investigated. 

2.3. HREELS and TPD studies 

The TPD and HREELS experiments were car- 
ried out in a separate stainless steel UHV chamber 
that has been described in detail elsewhere [19]. 
The chamber base pressure was maintained at 
2 X lo-” Torr by a 220 e s-t ion pump and a 
titanium sublimation pump. The sample tempera- 
ture could be varied between 100 and 1000 K. 

After preparing the Cu(ll0) or O/Cu(llO) 
surface, the sample was cooled to 100 K prior to 
gas dosing and HREELS and TPD data acquisi- 
tion. A heating rate of 5 K s-l was employed for 
all TPD experiments. Up to six masses were moni- 
tored for each TPD experiment and multiple ex- 
periments were carried out at a constant exposure 
of DMA to look for possible decomposition prod- 
ucts (e.g., HCN, C,N, and CH,NH,); none were 
detected. 

HREEL spectra were obtained for specular 
scattering using an incident beam energy of 2.6 
eV, with a beam current of - 2 X lo-” A. The 
FWHM of the elastic peaks were 54 cm-’ for 
Cu(ll0) and 83 cm-’ for O/Cu(llO). The sample 

temperature, monitored by a chromel-alumel 
thermocouple, was held constant for each spec- 
trum. All HREEL spectra were obtained at 115 K 
and the HREELS warm-up studies were carried 
out by flashing the sample to the desired tempera- 
ture. 

3. Results 

3.1. ESD 

In fig. 1, the ESD spectrum of a freshly 
sputtered Cu(poly) sample (curve a) is compared 
to that of a Cu(poly) sample (curve b) which had 
been sputtered, exposed to oxygen and then cooled 
to 112 K (i.e., immediately prior to exposure to 
DMA). F+, Nat and K+ are present with appre- 
ciable intensity and were generally observed in 
ESD spectra of sputter cleaned surfaces even 
though the corresponding AES peaks could not be 
detected. This illustrates the often cited fact that 
ESD yields are not directly proportional to surface 
coverage, but also illustrates the great sensitivity 
of ESD for these species. The relatively small 
CH: yield (fig. la), occasionally observed for 
sputtered samples, was readily removed by further 
sputtering and therefore probably results from 
minor amounts of hydrocarbon contamination. 
The equally small Of yield (fig. la) represents 
residual amounts of oxygen on the sample after 
sputtering. Such a residual oxygen impurity (which 
was also generally observable by AES) has also 
been encountered for Cu single crystals cleaned by 
sputtering and annealing [16]. The ESD mass 
spectrum of the partially oxidized surface displays 
a small OH+ signal, relative to O+ (fig. lb). 
Occasionally a significant CO+ yield was ob- 
served for such surfaces upon cooling, but this was 
readily removed by flashing the surface to 400 K. 
The subsequent absence of carbon contamination 
was confirmed by AES. 

The ESD mass spectrum of gas-phase DMA 
was obtained by backfilling the chamber to 5.4 x 

lop7 Torr DMA with the sample rotated out of 
the electron beam. This gas-phase spectrum (fig. 
2a) agrees well with a previously published gas- 
phase cracking pattern [17], with a prominent 
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(a) GAS PHASE 

(CH~)~N+ 

\ 

(b) 7L DMA 

b 
Na+ 

1 
+ 

H+ (CH~)~N , 

(c) 25L DMA 
(CH, 12 

H+ 

m/e - 
Fig. 2. ESD mass spectra of (a) gas-phase (CH,),NH at a 
pressure of 4.2 x lo-’ Torr, (b) O/Cu(poly) surface after 7 L 
exposure to (CH,),NH dosed at T= 112 K, (c) O/Cu(poly) 

surface after 25 L exposure to (CH,),NH at 112 K. 

parent peak at 45 amu and the largest peak in the 
spectrum located at 44 amu. This spectrum is 
compared in figs. 2b and 2c to those of the par- 
tially oxidized surface immediately after multi- 
layer exposures of 7 and 25 L, respectively, of 
DMA at 112 K. There are significant differences 
between the gas-phase spectrum (fig. 2a) and that 
of the DMA multilayers (figs. 2b and 2~). The 
most striking difference is that for the DMA mul- 
tilayer there is no 45 amu peak but there is an 
observable peak at 46 amu. The 7 L exposure (fig. 
2b) attenuates but does not eliminate the O+ yield 
from the substrate. At a 25 L exposure (fig. 2c), 
the Of yield is not observed, and the relative 
intensities of the other substrate peaks (F+, Naf, 
K+) are significantly reduced. TPD results dis- 
cussed below indicate that a 7 L dose at 112 K, 

results in multilayer formation. The continued 
presence of substrate-related species in the ESD 
mass spectrum at this and higher exposures indi- 
cates that DMA is clustering on the substrate 
surface at this temperature. 

The ESD spectra of DMA adsorbed on 
O/cu(poly) at 112 K and then annealed to varying 
temperatures are presented in fig. 3. Figs. 3a and 
3b each represent a separate cycle of sample clean- 
ing, exposure to oxygen, exposure to DMA at 112 
K followed by a brief anneal to the appropriate 
temperature. This was done to minimize electron- 
beam damage effects. As the TPD data presented 
below will indicate, 184 K is above the multilayer 
desorption temperature (- 135 K), so that com- 
paring fig. 2b to fig. 3a is a comparison of a 

(a) 184K ANNEAL (CH,), N* 

(b) 231K ANNEAL 

(CH3 I2 NT 

[(CH, I2 NHW+ ‘I 

(c) 513K ANNEAL 

K+ 

1 

m/e- 

Fig. 3. ESD mass spectra of O/Cu(poly) exposed to (CH,),NH 
at 112 K and then annealed to different temperatures: (a) 3 L 
(CH,),NH dosed at 112 K, annealed to 184 K; (b) 0.8 L 
(CH,),NH dosed at 118 K, annealed to 231 K; (c) same 

surface as in (b) but annealed further to 513 K. 
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multilayer of adsorbed DMA to a monolayer or 
less of adsorbed DMA, respectively. The spectrum 
in fig. 3a (3 L DMA, 184 K anneal) is similar to 
that in fig. 2b (7 L DMA, no anneal). One dif- 
ference is that the 16 amu peak (O+) is visible at 
submonolayer coverage. After exposing a O/Cu 
(poly) surface at 112 K to 0.8 L DMA and anneal- 
ing to 230 K (fig. 3b), the intensity of the 46 amu 
peak has increased relative to the intensity at 44 
amu, while the intensities of the F+, Nat and Kt 
peaks have sharply decreased relative to the 44 
amu peak. Further heating of this sample to 513 K 
(fig. 3c) completely removes from the ESD mass 
spectrum any peaks attributable to DMA or its 
decomposition fragments. 

3.2. HREELS 

HREELS spectra were obtained for DMA ad- 
sorbed on clean Cu(ll0) (fig. 4) and partially 
oxidized Cu(ll0) (fig. 5) for temperatures between 
115 and 400 K. Table 1 summarizes the observed 
loss features and their principal vibrational mode 
assignments for a DMA multilayer (solid) and 
chemisorbed DMA. The spectra obtained from 
the clean Cu(ll0) surface were in general more 
intense and better resolved due to the increased 
intensity of elastic scattering from the adlayers on 
the clean compared to the oxidized Cu(ll0) 
surface. The elastic peak shown in each figure is 
for the bottom spectrum in each figure, and should 
be used as a guide only. The resolution for each 
curve is given in the figure caption. 

The top spectrum in fig. 4 is for a thick multi- 
layer of DMA ice formed on Cu(ll0) at 100 K. 
The vibrational frequencies in this spectrum are 
essentially identical to those reported previously 
for solid DMA [20]. Finch et al. [20] have ex- 
plained the shift of the N-H bending vibration 
which occurs at 724 cm-’ in the gas phase to 882 
cm-i in the solid as due to hydrogen bonding in 
the solid. The 2845 and 2970 cm- ’ loss peaks due 
to the symmetric and asymmetric C-H stretching 
modes, respectively, are clearly present and nearly 
resolved at this resolution. The loss peak at 1035 
cm -i due to the C-N stretching mode appears as 
a small feature between peaks (iii) and (iv). 

I 
0 1000 2000 3000 4000 

ENERGY LOSS km-11 
Fig. 4. HREEL spectra obtained after heating to various tem- 

peratures following 13 L exposure of (CH,),NH dosed at 115 

K on a clean Cu(ll0) surface. The region above 2500 cm- ’ 
has been enlarged 2~ in intensity. The resolution (FWHM) 

varied from top to bottom as: 54, 88, 63, and 76 cm--‘. 

Heating either the clean or oxidized surfaces to 
135 K removes the multilayer DMA (vide infra) 
leaving chemisorbed DMA with the vibrational 
spectrum shown in fig. 4 for Cu(ll0) and in fig. 5 
for O/Cu(llO). On Cu(llO), comparison of the 
spectra for chemisorbed DMA with the spectra for 
DMA ice leads us to conclude that DMA is ad- 
sorbed molecularly at temperatures up to 300 K. 
Band assignments are made in table 1. Sheets and 
Blyholder [lo] made similar assignments in their 
IR study of DMA adsorbed on nickel and iron 
films. The chemisorbed DMA spectrum differs 
from that of the solid in several ways. The loss 
peak observed at 385 cm-’ is more intense and 
may have a contribution from the Cu-N stretch 
mode. However, solid DMA also shows a weak 
peak at this energy due to the C,N deformation 



J.A. K&her et al. / Interaction of DMA with O/ Cu(poly) and clean Cu(ll0) 199 

1’1’1’1’I’I’I’I’I’ 

_ x20 
HREELS 

DMA/O/Cu (110) - 

-400 Kl 

ENERGY LOSS (cm-11 

Fig. 5. HREEL spectra obtained after heating to various tem- 

peratures following 13 L exposure of (CH,),NH dosed at 115 

K on O/Cu(llO). The O/Cu(llO) surface was prepared by 

exposing clean Cu(ll0) to 180 L 0, at 350 K. The region 

above 2500 cm- ’ has been enlarged 2X in intensity. The 

resolution (FWHM) varied from top to bottom as: 100, 113, 

91,X3, and 73 cm-‘. 

mode. While the energies of the loss peaks are 
nearly constant; a large change occurs in the rela- 
tive intensities of peaks (iii), (iv) and (v). Peak (iii), 
the much lower elastic peak, is the dominant fea- 
ture in the vibrational spectrum. Sheets and 
Blyholder also observed this large intensity at 890 
cm-’ [lo]. One explanation could be that this 
N-H bending mode causes a large dynamic dipole 
moment perpendicular to the metal surface which 
gives rise to strong specular scattering in HREELS 
and strong absorption bands in IR. Unfor- 
tunately, we are not able to observe any small 
shift that might occur in the C-N stretch, but 
evidently no large change occurs since we have no 
new bands that are not accounted for already. The 
broad loss peak (vi) caused by C-H vibrations is 
centered at 2880 cm-’ and is due to the unre- 
solved symmetric and asymmetric modes. Peak 
(vii), due to the N-H stretch mode, is weaker and 
broader in the chemisorbed DMA spectrum com- 
pared to the solid DMA spectrum, thus making it 
difficult to precisely assign the frequency of this 
mode. This change may be indicative of a strong 
interaction between the H atom of N-H and the 
Cu metal surface. 

On the O/Cu(llO) surface, one obtains the 
vibrational spectrum shown in fig. 5 for chemi- 
sorbed DMA. The Cu-0 stretching mode is at 

400 cm-’ as can be seen more clearly in the 
spectra at higher temperatures. The Cu-N stretch 

Table 1 

Frequencies (cm-‘) and band assignments for DMA 

Peak label DMA(gas) DMA(solid) DMA on DMA on Assignment 

figs. 4 and 5 1201 Cu(ll0) o/cu(llo) 

vii 3355 3230 3230 - 3230 N-H stretch 

vi 2967 2970 2880 2880 C-H stretch 
2855 2845 

” 14x1 1480 1445 1445 CH, deformation 

iv 

m 

1155 1155 1200 - 1200 

1024 1035 sNR NR 

724 880 885 - 885 

CH, deformation 

C-N stretch 

N-H bend 

ii 400 Cu-0 stretch 

i 397 400 385 NR Cu-N stretch 

or C,N deformation 

NR: not resolved. 
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is not resolved, and the peak intensities are quite 
different than on Cu(ll0) even though the vibra- 
tional frequencies of the bands are nearly the 
same. This spectrum of DMA on O/Cu(llO) is 
very similar to that obtained by Prabhakaran et al. 
[8] for DMA adsorbed on an oxygen-covered 
Cu(ll0) surface at 80 K. They assign a peak at 
940 cm-’ to C-N stretching and a peak at 1130 
cm-i to N-H bending, while we prefer the assign- 
ments given in table 1 corresponding to the as- 
signment of Finch et al. for solid DMA [20]. Two 
comments can be made about the differences in 
the spectra for chemisorbed DMA on O/Cu(llO) 
compared to Cu(ll0). First, the resolution is worse 
which will tend to cause overlapping loss peaks. 
Second, the much lower elastic peak scattering 
intensity on O/Cu(llO) compared to Cu(ll0) (this 
is responsible for the low scale expansion factors 
for the inelastic losses in fig. 5) may cause the 
O/Cu(llO) spectra to be heavily influenced by 
impact scattering in which the vibrational modes 
have different cross-sections than in the dipole- 
scattering responsible for the spectra in fig. 4. It is 
also possible that the N-H bending mode dy- 
namic dipole moment is quite different on 
O/Cu(llO) compared to Cu(ll0) due to a change 
in geometry of DMA on the surface or due to a 
different interaction of the H of N-H with the 
surface. 

(a) ’ TtiD 

I 1, I I 181 
115 215 315 415 515 

TEMPERATURE (K) 

Our spectra of DMA on O/Cu(llO) disagree 
substantially from those of Prabhakaran et al. [8] 
at temperatures of 120 K or higher. They observed 
a peak at 3650 cm-’ attributed to the O-H stretch 
of adsorbed H,O to be formed at 120 K and the 
complete loss of the peaks below 1450 cm-’ due 
to C-N stretch and N-H bend modes at 250 K. 
In contrast, we see no evidence at any temperature 
for the vibrational modes expected for adsorbed 
OH or Hz0 that might be formed from hydrogen 
abstraction reactions. This is supported by the 
comparison with spectra in fig. 4 obtained from 
Cu(ll0) where this reaction pathway is not possi- 
ble. Adsorbed OH should be clearly distinguisha- 
ble by narrow bands at 3480 and 1015 cm-’ and 
adsorbed H,O should cause distinctive peaks at 
3420 and 1630 cm-’ [21]. We also observe an 
identical vibrational spectrum of adsorbed DMA 
on O/Cu(llO) at 369 K to that of chemisorbed 
DMA on Cu(ll0). This is clear evidence that 
N-H and C-N bonds remain intact in adsorbed 
DMA above room temperature. 

3.3. TPD 

TPD results for 44 amu [(CH,),N+] and 45 
amu [(CH,),NH+] are summarized in figs. 6a and 
6b for clean and partially oxidized Cu(ll0). The 
desorption curve for 44 and 15 amu (not shown) 

DMA/O/Cu( 110) 

115 215 315 415 515 

TEMPERATURE (K) 

Fig. 6. TPD curves for 44 and 45 amu signals for several exposures of (CH,),NH dosed at 115 K on (a) clean Cu(ll0) and (b) 

O/Cu(llO). 
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mimics that of 45 amu for both Cu(ll0) and 
O/Cu(llO). This was not the case for 28 amu 
(CO+, N,) and 18 amu (H,O+, NH:). Careful 
measurements of background H,O levels indicate 
that the differences observed for the 18 amu sig- 
nals were due to trace amounts of background 
water and not to water formation at the surface. 
Desorption of gases such as CN, HCN, etc., that 
might be expected from amine decomposition on 
the surface was not observed. 

For DMA on clean Cu(ll0) (fig. 6a), an ad- 
sorption state with a desorption temperature of 
- 315 K is first occupied at low coverage, while 
states with lower desorption temperatures (down 
to 165 K) are occupied at higher coverage (1 L). A 
1 L dose is just sufficient to partially form a 
multilayer state of DMA which desorbs near 135 
K. For DMA on partially oxidized Cu(llO), only 
one chemisorbed state with a desorption tempera- 
ture of - 215 K is discernible at less than mono- 
layer coverage; the 4 L exposure forms a substan- 
tial multilayer of DMA which desorbs near 135 K. 
The higher desorption temperature for chemi- 
sorbed DMA on clean Cu(ll0) indicates that the 

TPD 
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Fig. 7. TPD curves for 45 amu for the indicated exposures of 

(CH,),NH on (a) annealed and (b) unannealed O/Cu(llO). 

DMA-substrate interaction is destabilized by 
chemisorbed oxygen. 

In order to better compare the HREELS and 
TPD results performed on annealed single crystal 
surfaces with the ESD results performed on poly- 
crystalline surfaces, TPD measurements were car- 
ried out on an O/Cu(llO) surface prepared by 
sputter cleaning with and without annealing prior 
to dosing with 0,. These results are shown in fig. 
7, curves a and b, for annealed and unannealed 
O/Cu( 1 lo), respectively. The desorption curves 
displayed for 45 amu are similar for the annealed 
and unannealed surfaces, with only a broadening 
of the desorption curves observed for the unan- 
nealed surface. DMA is removed from both 
surfaces by heating to 415 K. 

4. Discussion 

The ESD, HREELS and TPD results presented 
above consistently indicate that no C-N bond 
scission occurs for DMA on O/Cu for tempera- 
tures below 320 K under UHV conditions. The 
ESD results show that 44 amu [(CH,),N+] is the 
dominant peak in all the desorption spectra. The 
HREELS results show characteristic DMA vibra- 
tional modes up to at least 300 K, and the TPD 
results indicate that the desorption signals for 15 
amu (CH:, NH+) and 44 amu mimic that of the 
parent peak. Our results indicating C-N bond 
stability are in direct contradiction to those ob- 
served by Prabhakaran et al. [8] using HREELS, 
who observed the disappearance of the C-N 
stretch between 120 and 250 K. A second dis- 
crepancy involves the OH stretch, readily ob- 
served by Prabhakaran et al. [8] at 120 K for 
DMA on O/Cu(llO) but absent in our results. 
ESD data further indicate no significant OH+ 
yield, and this is corroborated by TPD studies 
which indicate no significant H,O yield above 
background. The absence of surface hydroxylation 
indicated by our results is noteworthy, since the 
role of chemisorbed surface oxygen in hydrogen 
abstraction and adsorbate stabilization is reported 
for a number of species, including NH, on O/Cu 
[22]. The general reaction is 

XH(g) + o(a) + x(a) + OH(a), (I) 
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followed, at sufficient temperature [23] by 

2 OH(a) + H&(g) + O(a), (2) 

where XH is the organic molecule being adsorbed, 
and (g) and (a) refer to gas-phase and adsorbed 
species, respectively. The failure to observe OH or 
H,O formation at any temperature in the ESD, 
HREELS and TPD results show clearly that hy- 
drogen abstraction from and stabilization of DMA 
on O/Cu is not occurring. Moreover, a compari- 
son of the 45 amu TPD profiles for DMA on 
partially oxidized and clean Cu(ll0) (fig. 6) shows 
that the main desorption peak temperature is lower 
for O/Cu(llO) than for clean Cu(llO), indicating 
that O(a) weakens the interaction of DMA with 
the surface. Exposure of a partially oxidized Cu 
surface to DMA for pressures and times similar to 
that reported by Roberts and co-workers [22] for 
NH, on O/Cu (- 1 X 10e5 Torr, 19 min) resulted 
in no observable reaction with the surface, as 
observed by ESD. However, AES spectra (figs. 8a 
and 8b) taken after a DMA exposure of 5700 L at 
6 X lop6 Torr at 300 K followed by a pumpdown 
to a residual DMA atmosphere of - lo- * Torr, 
showed C and N adsorption with little or no 
oxygen at the surface. Similar results were ob- 
tained for a partially oxidized sample following 
exposure to the AES electron beam for - 2 min in 
an atmosphere of (l-2) X 10 ~ * Torr DMA (fig. 
8~). During this last experiment, the sample was 
never exposed to partial pressures of DMA higher 
than 2 X lo-" Torr. The fact that identical spectra 
were obtained with and without high exposures of 
DMA preceding electron bombardment at - 10 ’ 
Torr in DMA argues strongly that the C and N 
adsorption (figs. 8b and 8c) is electron-beam in- 
duced. That such effects were not observed for 
ESD is undoubtedly due to the lower currents and 

energies employed. Auger spectra of partially 
oxidized samples without any exposure to DMA 
but under identical beam conditions (- 34 PA/ 
cm’, 3 keV) showed little decrease in the O(KVV) 
signal, indicating that the disappearance of surface 
oxygen is not due to direct electron stimulated 
desorption of 0 by the Auger beam, but rather is 
due to the electron beam-induced chemistry which 
results in N-H bond scission and OH formation, 
followed by disproportionation and/or electron 

KINETIC ENERGY- 

Fig. 8. AES spectra of O/Cu(poly) surface (a) after partial 
sputter cleaning at 300 K (note the residual 0); (b) after 5700 

L at 6.5 x 10 ’ Ton) exposure to (CH,),NH followed by 
pumpdown to a residual chamber pressure of 1 .O x 10 s Ton; 

(c) O/Cu(poly) surface exposed to electron bombardment (34 

PA/cm’. 3 keV) in a (CH,),NH pressure of (l-2)x10-s 
Ton. 

stimulated desorption of OH, electron induced 
recombination of H and OH, etc. 

The ESD results reported here are of additional 
note in that the DMA parent ion is never observed 
in the adsorbed phase, at either multilayer of 
submonolayer coverages, despite the prominence 
of the parent ion in the ESD gas-phase spectrum 
and the gas-phase mass spectrum obtained by 
conventional mass spectrometry [17]. The absence 
of the parent ion in the multilayer regime can 
perhaps be ascribed to intermolecular hydrogen 
bonding interactions but the absence of the parent 
ion in ESD mass spectra taken at submonolayer 
coverages suggests an adsorbate-substrate interac- 
tion. It is unlikely that this interaction involves 
N-H dissociation, since a 46 amu feature is ob- 
served in ESD, and TPD shows the parent mole- 
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cule to be undissociated. A more likely explana- 
tion involves substrate quenching of electronic 
excitations which would lead to the desorption of 
the parent ion. The same pattern (no parent ion in 
ESD, but observation of the parent-plus-H ion) is 
observed for CH,OH/O/Cu(poly) under condi- 
tions for which deprotonation does not occur. 
This issue is discussed in more detail elsewhere 

~241. 
In summary, it is clear from a variety of data 

that abstraction of the amine hydrogen and surface 
hydroxylation does not occur for DMA adsorbed 
on a copper surface subjected to a saturation 
exposure of oxygen. A possible explanation for the 
discrepancy between the results of Prabhakaran et 
al. [8] and those reported here is the extent of 
chemisorbed oxygen coverage. Such an effect was 
observed by Russell et al. [16] for methanol hy- 
droxyl group deprotonation on O/Cu(lll). The 
rate of methanol conversion to adsorbed methoxy 
increases with oxygen coverage up to O/Cu = 0.26 
(atomic ratio) and declines significantly for higher 
coverages [16]. This was interpreted as indicating 
that an ensemble of sites was needed for methoxy 
formation, and that such ensembles become in- 
creasingly scarce as 0 atoms occupy more and 
more surface sites [16]. Such an effect may be 
operative here, in which case it is fair to state that 
such deprotonation will not occur on the more 
heavily oxidized copper surfaces encountered in 
“ real world” epoxy-copper joint fabrication. 
Another possibility is that a small amount of an 
impurity, possibly H,O, affected the results of the 
previous HREELS study [8]. The evidence pre- 
sented above indicates no observable water accu- 
mulation from background adsorption or from 
water impurity in the DMA we used, but amines 
are generally hygroscopic, and the H,O formation 
reported previously [8] may have such an explana- 
tion. 

The significance of these results for epoxy- 
metal interface chemistry is that amine groups can 
adsorb strongly at oxidized copper surfaces with 
the CN bonds remaining intact. One therefore 
expects that interfacial chemical bonding can oc- 
cur at room temperature between the metal oxide 
surface and amine sites in the cured epoxy molec- 
ular chain. However, should preferential adsorp- 

tion of an alkyl amine curing agent at the interface 
occur, as has been proposed by Baldwin et al. [l] 
and Comyn et al. [2] for aluminum oxide, then a 
relatively inert hydrocarbon “boundary layer” will 
be created at the interface which would prevent 
strong chemical bonding between the metal oxide 
surface and the resin. The diffusion of H,O to 
such an interface could disrupt the relatively weak 
hydrogen bonding and van der Waal’s forces which 
might exist, with a resulting decrease in adhesive 
joint strength. On the basis of the work presented 
here and also by others [1,2] it is apparent that the 
possible preferential adsorption of amine curing 
agents at epoxy-metal interfaces is a phenomenon 
of direct consequence to adhesive joint strength 
and durability. 

As a final point, the ESD data presented here 
demonstrate that this technique can provide useful 
information concerning the structure of organic 
adsorbates at non-insulating surfaces especially 
when used in conjunction with other complemen- 
tary techniques such as TPD, AES, and HREELS, 
which do not have the sensitivity to probe minor- 
ity sites. That higher mass fragments were ob- 
served in this experiment for submonolayer cover- 

ages, in contrast to previous PSD studies [13,14], 
may be due to the more extreme beam conditions 
(electrons instead of photons, higher beam en- 
ergies, currents, etc.) employed in this study. 
Clearly more work is required on this point. 

5. Summary and conclusions 

ESD and AES studies of DMA on O/Cu(poly), 
combined with TPD and HREELS studies of 
DMA on clean Cu(ll0) and O/Cu(llO) show the 
following: 
(1) The C-N bond remains intact for DMA on 
O/Cu for temperatures below 320 K. 
(2) Adsorbed surface oxygen does not stabilize 
DMA on the surface through amine hydrogen 
abstraction and hydroxyl formation. 
(3) TPD results for DMA on O/Cu(llO) annealed 
and unannealed show essentially identical surface 
chemistry, so that comparisons between the ESD 
and AES results for O/Cu(poly) can be compared 
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with validity to the HREELS and TPD studies 

performed on O/Cu(llO). 
These three points indicate that if preferential 

adsorption of alkyl amines does occur at epoxy- 
metal interfaces, a hydrocarbon-rich “ weak 
boundary layer” would hinder strong epoxy-sur- 
face chemical interaction. 
(4) Electron bombardment at room temperature in 
the presence of - lo-* Torr DMA induces the 
adsorption of an N-containing species and the 
elimination of 0 from the Cu surface. 
(5) The results presented here demonstrate that 
ESD can yield useful structural information con- 
cerning organic adsorbates on metal oxide 
surfaces. 
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