polymer

ELSEVIE

Polymer 41 (2000) 26952699

Polymer Communication

Influence of chain sequence structure of polymers on ToF-SIMS sp
Jiyun Fend, Chi-Ming Chad”*, Lu-Tao Wend

*Department of Chemical Engineering, Advanced Engineering Materials Facility, The Hong Kong University of Science and Technology, Clear W
Kowloon, Hong Kong, People’s Republic of China

PMaterials Characterization and Preparation Facility, The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong
People’s Republic of China

Received 5 July 1999; received in revised form 20 August 1999; accepted 20 August 1999

Abstract

The influence of the chain sequence structure of an alternating ethylene—tetrafluoroethylene (ETFE) copolymer and poly(vinylidene
(PVDF) on both positive and negative time-of-flight secondary ion mass spectrometry (ToF-SIMS)@pizcte200) was studied. The £C,,
C;, C,and G positive ions were found in the ETFE spectrum, while only the3gand G positive ions were found in the PVDF spectrum. The
results indicate that ETFE can be distinguished from PVDF by the presence of its charactgastidpositive ions. Even though both ETF
and PVDF produce some of the sam@G@sitive ions, these positive ions come from different sequence structures. The negative ToF SIMS
of both ETFE and PVDF are totally dominated by vz = 19) because Fis very stable, due to its largest electronegative value, and fluo
concentration in ETFE and PVDF is relatively high. These results indicate that the chain sequence structure has a significant eff
positive ToF-SIMS spectra of ETFE and PVDF, especially in the high-mass range. However, the chain sequence structure does
much effect on the negative spectra of ETFE and PVDBE999 Elsevier Science Ltd. All rights reserved.
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1. Introduction structural differences in the polymers. In addition, diffe
ences in branching and unsaturation lead to very disti

Recently, time-of-flight secondary ion mass spectrometry spectra features that show the capability of SIMS for id
(ToF-SIMS) has been widely used to study the surface of tification of polymers.
homopolymers, copolymers and polymer blends [1-17]. Even though many studies have been performed, m
SIMS has much a higher sensitivity than X-ray photoelec- work is still needed in this area because the fragmentat
tron spectroscopy (XPS) and can provide detailed structuralmechanisms of many polymers have not been fully und
information of polymer surfaces that cannot be obtained by stood. In general, it is well known that the SIMS fingerpri
XPS. In addition, ToF-SIMS can also generate surface spectram/z < 200) contain fragments specific to the mol
chemical images with high spatial resolution. With ToF- cular structure of polymers These different characteris
SIMS, researchers have extensively studied the effects offragments can be used to identify different polymers. T

tacticity [4], sequence distribution [5,6], end group [7,8],
branching [9], crosslinking, [10], molecular weight distribu-
tion [11-13] and molecular weight [14—16] on the surface
properties of polymers. For example, Venden Eynde et al.
elucidated the influence of tacticity on polymer surfaces [4].
Their results indicate that the isotacticity of PMMA and PS

leads, respectively, to a decrease in and an increase in the
concentration of the pendent group at the surface. Ooji et al.
investigated the effects of branching and unsaturation on the, Experimental

fingerprint spectra of simple aliphatic hydrocarbons [9].
They found that the low-mass positive spectra reflect
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objective of this work is to test SIMS as an analytical tec
nigue for distinguishing two polymers having an identic
chemical composition and a similar chain sequence str
ture. For example, PVDF and ETFE, which are isomers,
ideal candidates. The chain sequence structure of these
polymers is shown in Fig. 1.

2.1. Materials and preparation

The ETFE used in this study is an alternating ethyle
tetrafluoroethylene copolymer supplied by Du Pont.
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ETFE AABBAABBAABBAABB
PVDF ABABABABABABABAB
A=CH: B=CF:

Fig. 1. Sequence structures of ETFE and PVDF.

melting point is 246C. The PVDF is Hylar 460 available
from Ausimount Co., USA. A 2 mm thick ETFE sheet was
prepared by a hot press at 260and 16 MPa. A 2 mm thick
PVDF sheet was prepared in the similar way except that the
processing temperature was 200To obtain a flat surface
for ToF-SIMS analysis, the samples were cut by a cryo-
microtome (Leica) at-100°C.

2.2. Surface characterization

ToF-SIMS measurements were performed on a Physical
Electronics PHI 7200 ToF-SIMS spectrometer equipped
with two ion guns (C$ for high-mass resolution spectro-
metry and ®Ga’ for spatially resolved imaging) and a
reflection ToF analyzer. Both positive and negative high-
mass resolution spectra were obtained by using an 8 KV Cs
ion source. The scanned area was EDOpm? and
the total dose for each spectrum acquisition was
< 4x 10" iongcn?.

3. Results and discussion
3.1. Positive ToF-SIMS spectra of ETFE and PVDF
Typical positive ToF-SIMS spectra of ETFE and PVDF

are shown in Figs. 2 and 3, respectively. The characteristic
positive ions for both ETFE and PVDF were identified and

are summarized in Table 1. As can be seen from the table,

C,, G, G, C4 and G positive ions are present in the ETFE
spectrum, while only ¢ C,, and G positive ions are present
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Fig. 2. Positive ToF-SIMS spectrum of ETFE.
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Fig. 3. Positive ToF-SIMS spectrum of PVDF.

in the PVDF spectrum. These results indicate that sequence
structure can significantly influence the positive ToF-SIMS
fingerprint spectra of ETFE and PVDF especially in the
high-mass range.

For the G positive ions, as shown in Table 1, both ETFE
and PVDF generate the same characteristic positive ions,
such as C, CF', CHF; and CK with a different intensity.
This result illustrates that the generation qfff@sitive ions
from these two polymers is not significantly affected by the
chain sequence structure, and that the fragmentation

Table 1
Characteristic positive ions of ETFE and PVDF

m/z ETFE PVDF

C, positive ions G positive ions

12 ct c*t
31 CF CF*
51 CHR CHF
69 CH CFy
C, positive ions G positive ions
27 GH3 CHj
64 GFHy C,F,H;
65 GH3F5 CHaF5
119 GFs
C; positive ions G positive ions
39 GH3 CsH7
57 GH,F* CiHF*
59 GH,F* CHF*
77 GH3F5 C3HaF5
95 GH,F5 C3H,F3
113 GHF; C;HF,
131 GF
133 GH, R
C, positive ion
108 GHsF3
127 CHsFy
147 CH4F
Cs positive ion
139 GHsFy
157 GH,F
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oF +oH *oF these two characteristic positive ions come from the
sequence. On the other hand, in addition to the two ch
/ / \ / \ acteristic positive ions discussed above, ETFE also ge
HC CH HC CF H,C CH, ates its unique characteristic positive iongGFCF; , which
(@) miz = 57 (b) miz = 57 miz =50 is ab_sent in the P\_/D_F spe_c_trur_n. Thus,.CFCF; (m/iz=
119 is a characteristic positive ion of ETFE that can be us
cH oF +CH to differentiate ETFE and PVDF. The reason for this diffe
/ \ ence is due to the fact that §F CF; comes from the end
group (CR—CR,) of ETFE which is only present in ETFE
H,C——CF, H,C———CF, FaC CF, and not PVDF.
In order to attain a deeper understanding of the effect
miz =17 m/z =95 m/z =113 the sequence structure on the fragmentation mechanis
‘oF ETFE and PVDF, it is necessary to determine the struct
. of these characteristic ions. Based on their chemical com
\ CF;—CH,—CF, sitions and origins, some probable structures for the
F,C—CF, positive are displayed below:
m/z =131 m/z =133 CH,CF,| " mz= 64

Fig. 4. Probable structures of the fositive ions.
CH; — CF; m'z= 65

mechanisms for_the {positive ioqs are very '_similar. Thgse F, — CF} mz= 119

results are also in agreement with the previously published

results for polyethylene and polypropylene [2,3]. As can be seen from Table 1, the sequence structure
The situation is quite different for the;@ositive ions. On significantly influence the formation of the; ositive ions.

the one hand, both ETFE and PVDF produce some of the Both ETFE and PVDF produce some of the same charac

same characteristic positive ions, such as,CH|- " istic positive ions, such as s8.F", CHF", CiHsF5,
(monomer ion for PVDF) and CH#CF;. This is because  C3H,F3 and GHF;. It should be pointed out that the
both ETFE and PVDF contain the AB sequence §CR) in come from different sequence structures. According

m/z=108 m/z= 108 m/z =127

m/z =147

2 HC CH

their chain structure as depicted in Fig. 1. We believe that their chemical composition, it can be deduced that f
ETFE, the positive ions such asgtF", CH,F" and
C;HsF; come from the AAB sequence, while;B,F3
CF, CH Hck CH and GHF; come from the ABB sequence. Similarly, fo
/ \ 2 PVDF, the positive ions such aszF*, CH,F" and
. / \ C;HsF; come from the ABA sequence, while;8,F3
FC——CH—CH, HC CF—'CF, CF;——CF, and GHF; come from the BAB sequence. In addition t
the G positive ions discussed above, both ETFE and PV
also generate their individual characteristic positive io
ETFE generates {2 while PVDF produces gH,F2 . For
(@)  CF;—CH,— CH,—'CF, ETFE, GFZ comes from the ABB sequence, while fo
PVDF, GH,F2 comes from the BAB sequence. Obviousl
b) P . these two ions can be used as the characteristic positive
CFy—CF, — CH,—CH, to identify these two polymers. Some probable structures
these positive ions are shown in Fig. 4. As displayed in t
figure, both ions a and b can be the correct structure
C;H,F™ (mvz = 57). Because fluorine has the highest ele
N .\ tronegative value, ion b is a more stable structure.
/CH CF Based on the results shown in Table 1, it is important
\ / \ point out that only ETFE can produce thg&hd G positive
CF; CF, ions. For the G positive ions, GHsF3 , C,HsF (the depro-
\ tonated monomer) and,8,F: may come, respectively,
from the AABB, ABBA and BAAB sequences of ETFE
For the G positive ions, GH3F; and GH,F2 come from
miz =139 miz = 157 the ABBAA and BAABB sequences. The probable stru
tures for some of these positive ions are shown in Fig. 5.
Fig. 5. Probable structures of the @1d G positive ions. structures, as shown in Fig. 5, all contain,&EF, which is
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Table 2

5
The normalized intensity of some of the peaks for ETFE and PVDF. The 2 x19
intensity of the peaks is normalized with respect to the peakat= 31 1 el
m/z Normalized intensity % i
3 17
ETFE PVDF ©
12 0.88 2.40 1 r
39 0.32 0.86 0% s 10 15 20
51 0.91 1.10 x10* miz
57 0.35 0.67 ”
59 0.27 0.57 2
64 0.42 1.08
65 0.13 0.94 2
69 0.67 1.01 311 25
77 1.28 1.06 © 2 28
31 43
95 0.79 1.35 |l R
108 0.14 020 40 60 80 100
113 0.16 2.80 miz
119 0.12
127 0.31 Fig. 7. Negative ToF-SIMS spectrum of PVDF.
133 2.61
ﬁ? 8;3 shows that the sequence structure can significantly affect

157 0.10 the intensity of the positive ions in ToF-SIMS spectra.

It should be pointed out that for the positive ions having
the same chemical composition, the normalized intensity of
the peaks of ETFE except for the peakdt = 77, is smal-
unlikely to have come from PVDF. Similar to;8,F ", the ler than that of the peaks of PVDF. The significant reduction
positive ion, GH,F2 (mVz= 147), also has two probable in the normalized intensity of the ETFE peaks is due to the
structures (a) and (b) as depicted in Fig. 5. For the samefact that G, C,, C;, C4 and G positive ions are produced by
reason given above, structure (b) is a preferred structureETFE, while only G, C, and G positive ions are produced
because it is more stable. by PVDF.

In order to make a quantitative comparison, the intensity
of the peak CF atnvz = 31 is used as the reference and all
other peak intensities are normalized with respect to this 3-2. Negative ToF-SIMS spectra of ETFE and PVDF
peak intensity. Table 2 shows the normalized intensity of
ETFE and PVDF. As can be seen from Table 2, for ETFE,
the strongest peak is atvz= 77 (C3H3F5), while for
PVDF, the strongest peak a/z= 113(CsH,F3). This

Figs. 6 and 7 show the negative ToF-SIMS spectra of
ETFE and PVDF, respectively. It is obvious that these
two spectra are very similar. The dominant peak isvat=
19 (F) and many other smaller characteristic peaks are at
m'z= 24(C;), 25(GH™), 31(CF), 38F, ), 39(R,H ") and

«10" 43(GF), as listed in Table 3. In addition, these two nega-
o tive ToF-SIMS spectra are very similar to that of PTFE
o 12 I [2,3], The reason for this similarity is the presence of the
§ 8 F~, which is the most stable negative ion because it has the
o 7] highest electronegative value among all elements. In
4
1 Table 3
0 The normalized intensity of the characteristic negative ions of ETFE and
0 5 10 15 20 PVDE
x10 miz
3 ] 38 m/z Negative ion Normalized intensity
2
€21 ETFE PVDF
8 24 L
31 g 19 F 175.40 147.10
1 43 I 24 G 1.05 1.82
I 25 GH™ 1.12 251
0 . — S 31 CF 1.00 1.00
20 40 6‘1’ 80 100 38 R 2.42 1.65
miz 39 RH" 0.77 8.82
43 CR 0.63 0.94

Fig. 6. Negative ToF-SIMS spectrum of ETFE.
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addition, the fluorine concentration in these three polymers peak atmyz= 19 (F). The only difference between th
negative SIMS spectra of ETFE and PVDF is that f
In order to make a quantitative comparison between the ETFE, the normalized intensity of the peakmaz = 38 is

much higher than that of the peak @iz = 39, but vice

the reference peak. All other peak intensities were normal- versa for PVDF. Our results clearly indicate that To
ized with respect to this peak intensity. Table 3 shows the SIMS can be used to differentiate two polymers having
identical
There is some difference between ETFE and PVDF in the sequence structure.

is relatively high.

two negative ToF-SIMS spectra, we use GiEm/z = 31 as

normalized intensities calculated for ETFE and PVDF.

results, as shown in Table 3. For ETFE, the normalized
intensity of the peak atvz = 38 is much higher than that

atmz= 39, while for the PVDF, the normalized intensity ~ Acknowledgements

of the peak atn/z = 38 is much lower than that a¥z = 39.
These results can be explained by the difference in the

sequence structure between ETFE and PVDF, as shown inResearch Grant Council under Grant no. HKUST 6123/9

Fig. 1. A fluorine atom in the ABB sequence of ETFE has
three fluorine atoms and two hydrogen atoms as its neigh-
bors. The probability to form an,Fion is thus much higher
than that to form anJH ™ ion. The fluorine atom in the ABA
sequence of PVDF has only one fluorine atom and four
hydrogen atoms as its neighbors. Hence, the probability to
form an & ion is smaller than that to form ant#™ ion.

4., Conclusions

The effects of sequence structure on the SIMS fingerprint
spectra of ETFE and PVDF are elucidated. Our results indi-
cate that ETFE generatesg, ©,, C;, C, and G positive ions
while PVDF only produces ¢ C, and G positive ions.
These results clearly imply that sequence structure can
significantly influence the positive SIMS spectra of ETFE
and PVDF especially in the high-mass rarigeéz = 100 —
200). Both ETFE and PVDF produce the samg fsitive
ions because they both contain the LOH, sequence. Even

positive ions, these positive ions come from different

teristic positive ions, including £C,Fz ), C5(CsF2 ) as well
as the G and G positive ions.

The sequence structure does not have much effect on the[lﬁ]
negative ToF-SIMS spectra. The negative ToF-SIMS [17] Chan CM. Polymer surface modification and characterization. N

spectra of these two polymers are totally dominated by the
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