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ABSTRACT: Thesurface chemical composition of a range of poly(orthoester) copolymers has been examined
by using time-of-flight secondary ion mass spectrometry (ToF-SIMS) and X-ray photoelectron spectroscopy
(XPS). A good correlation was observed between the theoretical and experimental elemental and chemical
state data obtained by XPS. The ToF-SIMS spectra revealed a consistent fragmentation pattern throughout
the copolymer series where ions detected were diagnostic of each repeat unit including high molecular weights
diads and triads arising from the poly(orthoester) copolymer sequence. The intensity of the ions specific to
the diols was shown to reflect the bulk composition in a quantitative manner. The nature of the fragmentation
was interpreted in terms of cleavage of the ether bonds linking the diol and orthoester unit and through the
endocyclic and exocyclic cleavage of the orthoester bonds.

Introduction

Over the last few decades, biodegradable polymer
systems have attracted considerable interest for the
controlled release of bioactive molecules.! A number of
novel synthetic biodegradable polymer systems have been
developed, most notable of which are the polyesters,? poly-
anhydrides,? and, of particular importance to this paper,
the poly(orthoesters).4 Ineach case, the polymer possesses
a biodegradable functional group within the repeat unit,
exhibits good biocompatibility, and displays programma-
ble degradation kinetics.

The poly(orthoesters) have been shown to possess unique
properties, which renders them suitable candidates for
exploitation in advanced drug delivery. Poly(orthoesters)
exhibit pH-sensitive surface degradation in the solid state,
undergoing random chain scission in an acidic environment
only. The addition of poorly soluble basic salts and acid
anhydride excipients or the inclusion of an acidic func-
tionality in the polymer structure influences the pH within
the eroding surface gel layers.>® Hence,the manipulation
of the formulation to aid the development or inhibition
of an acidic surface pH allows precise preprogramming of
the polymer degradation process and, therefore, drug
release rate. With the ability to vary the polymer
composition together with the concentration and type of
excipients, a range of poly(orthoesters) can be prepared,
with degradation lifetimes varying from days to years.

The surface chemistry of these poly(orthoesters) is likely
toplay amajorrole in determining the in vivo performance
of the polymers. The interfacial composition will not only
dictate the biocompatibility exhibited by the host tissue
to the implant but will also predetermine the kinetics of
the surface degradation. While the poly(orthoester) bulk
physicochemistry has been reported,’ little information is
available on the surface composition of these polymers.
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SIMS has emerged as a complementary surface analysis
technique to XPS, providing detailed molecular structure
information for standard and biomedical polymers.&12
With specific reference to this work, SIMS has provided
detailed surface structural information on biomedical (and
in certain cases, biodegradable) polymers including the
polyesters,'® methacrylate-based copolymers,!4 polyure-
thanes,! and polyanhydrides.’® However, the majority
of reported studies on polymers have employed quadru-
pole-based mass spectrometers, with practical detection
mass ranges of typically m/z 0-400. More recently, time-
of-flight (ToF) instruments have been constructed that
exhibit much higher transmission (>10% compared to
0.1%) than the quadrupole-based systems and parallel
mass detection, both of which contribute to a considerable
increase in sensitivity, with a typical effective mass range
of m/z 0-10000. Benninghoven, Hercules, and their
respective co-workers have pioneered the application of
ToF-SIMS for the analysis of a diverse range of standard
and biomedical polymers.!7:18

In this study, we report on the XPS and ToF-SIMS
analysis of a series of poly(orthoesters) of the general
formulagivenin Chartl. Thepolymersunder examination
were prepared by the addition of different proportions of
two diols to the diketene acetal 3,9-diethylidene-2,4,8,-
10-tetraoxaspiro[5.5lundecane (DETOSU), resulting in
structures consisting of an alternating sequence of DETO-
SU and diol units. When varying ratios of the rigid diol
trans-cyclohexanedimethanol (t-CDM) and the flexible
diol 1,6-hexanediol (HD) (Table I) are used, random
copolymers having different mechanical properties can
be obtained. This procedure allows the preparation of
materials having glass transition temperatures that can
vary between about 120 °C and about 20 °C.
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Chart I
CH;CH; O—CHz CH;—O cchHa
\N/ \/ \c/
/\ /\ /\
O O—CHy; CH,—=0 R
x
DETOSU+R
where R = —O(CHy)g — and/or —OCHQ—O—cnz_

HD t-CDM

Table 1

Polymer Compositions

composition, mol %

polymer DETOSU CDM HD
A 50 50 -
B 50 325 17.5
C 50 17.5 32.5
D 50 - 50

Experimental Section

Polymer Preparation and Film Formation. The synthesis
of polymers was described previously.* Briefly, the desired ratio
of trans-cyclohexanedimethanol and 1,6-hexanediol was added
to tetrahydrofuran and the mixture stirred until all solids
dissolved. A solution of the diketene acetal 3,9-diethylidene-
2,4,8,10-tetraoxaspiro[5.5)Jundecane was then added and polym-
erization initiated by the addition of a catalytic amount of
p-toluenesulfonic acid dissolved in tetrahydrofuran. After the
initial exotherm subsided, the mixture was stirred for about 2 h
and the polymer isolated by precipitation into a large excess of
methanol containing a small amount of triethyleneamine sta-
bilizer followed by filtration and vacuum drying at 60 °C for 24
h. Polymers prepared by this procedure typically have molec-
ular weights in the 80-100-kDa range.

Polymer films for ToF-SIMS and XPS analysis were prepared
by spin-casting onto acetone-washed aluminum foil from freshly
prepared 0.1% w/v chloroform solutions.

Surface Analysis. XPS. XPS spectra were obtained by a
VG Scientific ESCALAB Mk II electron spectrometer employing
Mg Ka X-rays (hv = 1253.6 eV). The X-ray gun was operated
at 120 W, and spectra were recorded at an electron takeoff angle
of 45°, corresponding to a depth analysis of about 5nm. Asurvey
scan spectrum (0~1000 eV) and narrow scans in the C 1s and O
1s regions were recorded for all samples. The analyzer was
operated in a fixed transmission mode with a pass energy of 50
eV (for survey scans) and 20 eV (for C 1s and O 1s envelopes).
Data acquisition and analysis were performed by a VGS 5000-S
data system based on a DEC PDP 11/73 computer. The peak
fitting of the O 1s and C 1s envelopes was performed by using
methodology described elsewhere.’® The recorded spectra were
corrected for sample charging (referenced by C-H/C-C at 285
eV in the C 1s envelope). Quantification was achieved by using
the manufacture’s standard software supplied with the data
system (VGS-50008). The routine employed Scofield sensitivity
factors corrected for the analyzer transmission function of the
spectrometer.

ToF-SIMS. ToF-SIMS spectrawere obtained by usinga VG-
Ionex IX23S instrument based on a Poschenrieder design and
equipped with a pulsed liquid metal ion source.?? A 30-keV Ga*
primary ion beam was used at an incident angle of 38° to surface
normal. The secondary ions were accelerated to 5 keV for the
analysis by applying a bias to the sample. The films, while
continuous, were thin enough not to cause problems with sample
charging, and therefore charge compensation with a pulsed
electron flood gun was not required for the SIMS analysis. For
each sample, both positive and negative secondary ion spectra
were collected by using a total primary ion dose of 1 X 10!! ions
cm2. Such a dose lies well below the damage threshold value of
1 X 10! ions ecm™ for static SIMS.2! A DEC PDP 11 computer
system was used for spectral acquisition, storage, and data
processing.
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Table I
Elemental Composition® and C 1s Envelope Components

from XPS

elem

composition polymer A polymer B polymer C polymer D

C(T) 76.0 75.3 74.7 73.9

C (E) 77.2 76.2 75.8 73.9

om 24.0 24.7 25.3 26.1

O (E) 22.8 23.8 24.2 26.1

% area under
C 1s envelope polymer A polymer B polymer C polymer D

C-H/C-C (T) 474 45.4 43.5 41.2
(E) 49.0 46.0 43.0 44.0

C-C0.-0 (T) 10.5 10.9 11.3 11.8
(E) 10.0 11.0 12.0 11.0

C-0(T) 31.6 32.8 33.9 35.2

(E) 31.0 32.0 34.0 34.0

CO2-0 (T) 10.5 10.9 11.3 11.8
(E) 10.0 10.0 10.0 11.0

o Atomic percent excluding hydrogen. T = theoretical. E =
experimental.

Results and Discussion

XPS. The XPS survey scans for all the poly(ortho-
esters) confirm the continuity and thickness (>5 nm) of
the spin-cast films since signals from the underlying
aluminum substrate were not detected. Carbon and
oxygen only were detected in the survey scans, attesting
to the elemental purity of these poly(orthoesters) within
the XPS sensitivity levels (0.1%). The theoretical atomic
percentages (excluding hydrogen) were calculated by
examination of the structural formulas and are tabulated
in Table II. Examination of the peak areas of the carbon
and oxygensignals in the XPS spectra allows a quantitative
elemental analysis of the polymer surfaces to be calculated
and indicates that there is an extremely close correlation
between the theoretical and experimental elemental data.

Four chemical states of carbon are fitted to each C 1s
peak envelope. The major C 1s component in all the
polymers corresponds to the C-C/C-H carbon environ-
ment at 285 eV. The carbon species at 286.6 eV corre-
sponds to the ether carbon, i.e., C-O. The 289.2-eV peak
may be assigned to the orthoester linkage, i.e., CO2-0. A
secondary chemical shift?? was also fitted at 285.6 eV, cor-
responding to C-CO4-O.

The experimental proportions of the four carbon en-
vironments are tabulated in Table II for the poly(ortho-
esters). There appears to be a very good correlation
between these experimentally determined values and those
anticipated from the structural formulas. Further con-
firmation of the surface chemical composition can be
obtained from the O 1s signals at ~533 eV, which indicates
the presence of only one oxygen environment (attributed
to singly bonded oxygen).

ToF-SIMS. The positive ion ToF-SIMS spectra of the
polymer series are shown for the mass ranges m/z 0-1000
and 1000-1500in Figures 1-4 and 5, respectively. InFigure
5, the secondary ion signals above m/z 1000 recorded at
low mass resolution were of low intensity and of confir-
matory diagnostic value. In addition, no extraneous
elemental or organic contamination was detected in the
ToF-SIMS analysis of these polymers. This provides
further evidence of the purity of the poly(orthoester) series.
The fragmentation patterns of the polymers have been
compared and analyzed in detail and for clarity; assign-
ments of ions specific to each portion of the copolymer
structure will be discussed separately.

Cations Diagnostic of DETOSU. Positive ions at-
tributable to the orthoester monomer are observed as a
diagnostic series in the m/z 100-300 range of Figures 1-4
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Figure 1. Positive ion ToF-SIMS spectrum of polymer A.
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Figure 2. Positive ion ToF-SIMS spectrum of polymer B.

for all the polymers. Possible structures for some of the
ions in this series are tabulated in Table III. Cations that
may be assigned to structures derived from the intact
monomer unit (where M is the mass of the monomer unit),
i.e., (Mpgrosu = H)*, (Mpgrosu - O = H)*, and (Mpgrosu
- CH,CHj3)*, are observed at m/z 231/229, 215/213, and
201, respectively. A dominant cation at m/z 259 is
observed inall poly(orthoesters) examined. Separate ToF-
SIMS and XPS studies on a range of poly(orthoesters)
containing differing types of diols, and also the use of
deuterated diols,? suggest that the m/z 259 ion is derived
solely from the orthoester with no contribution from the
diol. Similarly, the use of tandem quadrupole SIMS

employing instrumentation and methodology described
previously?27 to analyze the structure of the m/z 259
cation for a range of orthoesters did not reveal any further
information. Thus, a structural assighment for this ion
is not possible at present. We believe that the m/z 259
structure may also feature part of the higher mass diad
and triad ions discussed in latter sections and noted in
Tables IV-VI. Further fragments of the DETOSU unit
may be assigned to the ions at m/z 175, 173, 159, 157, 143,
and 127, as shown in Table III. These structures appear
to be consistent with the cleavage of the copolymer chain
and subsequent fragmentation in the region of the or-
thoester functional group.
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Table II1
Tentative Structural Assignments for Major Cations
Derived from DETOSU
possible ion assignments m/z notation
CH,CH; /o—ctz/CHz-o\ fFHLHs 231 M+ H)*
C+
/
HO/ \o—CHz\CH,-o/
CHyCHy /o—cTz/CHz-o\ FHCHs 215 (MH-0)*
c C C+
/
W \O—CHZ\CHZ-O
CHCHy  O—Cla CHa"O 201 (M - CHCHa)*
+C C c=0
A /
0—CH, CH,-O
175
HOCH, CH,-O. CH,CH
WAL Vil 173 (e, -2 H)
HOCHZ/ \CHz-o/
CH;  CH,-O  CH,CH, 159
/
>c< )c. 157 (i.e., 2 H)
HOCH,” 'CH,-0
CH,\ /CHZ-O\ SFHLCH, 143
N5
CHy CH,-0
— 12
//CH 7
CHy;—C or
CH,—
CHz-O\ fHLCHs
CH,=C C+
CH,-0

Cations Diagnostic of the Diols HD and t-CDM.
The contribution of the flexible and rigid diols to the ToF-
SIMS spectra may be elucidated by the comparison of
Figure 1 for polymer A and Figure 4 for polymer D. In
the case of Figure 1, there is an intense m/z 109 cation
that may be assigned to the following possible structures
from the t-CDM unit with associated rearrangement of
the initial primary carbonium ion

+CH2—<:>=CH2 -— CH_»,—'O:CHZ

mz109

This m/z 109 ion is of very low intensity in Figure 4, and
indeed the relative intensity decreases with Figure 1 to
Figure 4, as anticipated from the change in the bulk
polymer structure. With regard to cations specific to the
HD flexible diol, signals at m/z 83, 101, and 103 are
particularly intense in Figure 4 relative to Figure 1, and
these may correspond to the following structures from the
HD unit:

*CH,(CH,);CH=CH, m/z83

"'(CHZ)BOH m/z 101

*(H(CH,){OH,) m/z103

Again, these ions also appear to increase in their intensity
from Figure 1 to Figure 4, in line with changes in the HD
bulk copolymer content.

Cations Diagnostic of DETOSU + t-CDM. A num-
ber of prominent ions observed for polymer A in Figures
1 and 5a, and tabulated in Table IV, may be assigned to
structures containing DETOSU repeat unit(s) attached
to the CDM rigid diol unit(s) i.e., [(Mpgrosu + Mcpm)» £
H]* where n = 1-4. Together with the detection of ions
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Table IV
Major Cations and Tentative Structural Assignments of
the ToF-SIMS Analysis of Polymer A Shown in Figures 1

and 5a

m/z assignment
327 Mbperosu + Mcpm - CH2CH3
341/339 Mpersou + Mcom-O £ H
357/365 Mpersou + Mcpm = H
413 MbpEeTosu + Mcpum + (C=0)CH;CH;,
483 Mcpm + MpeTosy + structure y°
557 Mbperosu + Mcpm + Mperosu - CH,CHs
571/569 Mbperosu + Mcpm + Mperosu - O £ H
587/585 Mperosu + Mcpm + Mperosu # H
615 Mperosu + Mcpm + 259°
683 (Mpgrosu + Mcpm)2 - CH;CH3
697/695 (Mperosu + Mcpm)2 -0 £ H
713/711 {Mpetosu + Mcpm)2 £ H
769 (MpgTosu + Mcpm)z + (C=0)CH:CH;
971 (MpeTosu + Mcpm)z + 259°
1039 (MpEeTosu + Mcpm)s - CH;CH3
1051 (MpEgrosu + Mcpm)s - OH
1069 (Mperosu + Mcpm)s + H
1125 (MpgTosu + Mcpm)s + (C=0)CH,CH3
1327 (MpEeTosu + Mcpm)s + 259°
1425 (Mperosu + Mcpm) + H
1481 (Mperosu + Mcpm)4 + (C=0)CH,CH3

@ Structure y is equivalent to the structure assigned to theionm/z
127 derived from DETOSU as shown in Table IIL ¢ The 259th
component of the cation is equivalent to the ion derived from
DETOSU as noted in the text.

Table V
Major Cations and Tentative Structural Assignments for
ToF-SIMS Analysis of Polymer D Shown in Figures 4 and

5d

m/z assignment
301 Mpetosu + Mup - CH;CHj
315/313 Mpgrosy + Mup -0 = H
331/329 Mperosy + Mup + H
387 Mperosu + Mup + (C=0)CH,CH;
457 MpeTosu + Mup + structure y°
531 Mberosu + Mup + Mperosu - CH:CH,
545/543 Mbperosu + Mup + Mperosy~ O £ H
559/561 MbpeTosu + Mup + Mperosu £ H
589 Mup + Mpgrogy + 259
631 (MpeTtosu + Mup)z2 - CH;CH,
643/645 (Mperosu + Mup)z - O £ H
661/659 (Mpertosu + Mup)z £ H
717 {MpgTosu + Mup):z + (C=0)CH;CHj;
919 (MpeTosu + Mup)2 + 259°
989/991 (MpETosu + Mup)s = H
1047 (Mpgrosy + Mup)s + (C=0)CH.CHj;
1249 (Mperosu + Mup)s + 259°
1321 (Mpgrosu + Mup)s + H
1377 (MpeTosu + Mup)4 + (C=0)CH,CH3

@ Structure y is equivalent to the structure assigned to theionm/z
127 derived from DETOSU as shown in Table III. ® The 259th
component of the cation is equivalent to the ion derived from
DETOSU as noted in the text.

that may be assigned to intact multiple repeat units, a
common pattern of ions is observed, which we suggest
may be derived from the cleavage of bonds in the ortho-
ester functional group, i.e., (Y £ H)*, (Y-0 £ H)*, (Y
- CHyCHj)*, and (Y + (C=O0)CH;CHj)*, where Y
represents a combination of one or more DETOSU and
t-CDM repeat units. As anticipated, all these peaks are
absent for polymer D in Figures 4 and 5d and, in general,
show arelative decrease in intensity from Figure 1 to Figure
4 and from Figure 5a to Figure 5d, reflecting the changes
in copolymer composition.

Cations Diagnostic of DETOSU + HD. Table V lists
the diagnostic ions from the ToF-SIMS spectrum of
polymer D in Figures 4 and 5d. The intensities of these
ions noted in Table V gradually reduce from Figure 4 to
Figure 2, being totally absent from the ToF-SIMS spec-
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Figure 3. Positive ion ToF-SIMS spectrum of polymer C.

Table VI
Major Cations and Tentative Structural Assignments for
DETOSU + t-CDM/HD from ToF-SIMS Analysis of
Polymers B and C in Figures 2, 3, and 5b,c

m/z assignments

687/685 (Mperosu + Mup)(Mperosu + Mcom) @ H

743  (Mperosu + Mup)(MpeTosu + Mcpm) + (C=0)CH:CH;
945 (Mpetosu + Mup)(Mperosu + Mcpm) + 259¢

1017 (Mperosu + Mcom)(Mperosu + Mup)2 + H

1043  (Mpetosu + Mcom)z(MpeTosu + Mup) + H

1275 (Mperosu + Mcom)(Mperosu + Mup)2 + 258¢

1301 (Mperosu + Mcpm)2(MpeTosu + Mup) + 259

1373 (Mpetosu + Mcpm)2(Mpetosu + Mup)2 + H

1399 (Mperosu + Mcom)s(Mperosu + Mup) + H

¢ The 259 component is derived from DETOSU (see text).

trum of polymer A in Figure 1. In the main, general
structures may be assigned to the ions in Figure 4 for
polymer D, which are very similar to that observed for
polymer A, ie., (X £ H)*, (X -0 £ H)*, (X-C;Hs)*, and
(X + (C=0)CH,CHj)*, where X is a combination of one
or more DETOSU and HD monomer units. This suggests
that there is a common mechanism of ion formation for
all the polymers A-D, where the major fragmentation of
the polymer backbone takes place in the vicinity of the
orthoester functional group.

Cations Diagnostic of DETOSU + HD/t-CDM. A
number of significant ions are detected for polymers B
and C in Figures 2 and 3 and in the high mass range, in
Figure 5b,¢, which are absent in the positive ion spectrum
of polymers A and D. These cations are of low intensity,
but possible structures may be assigned to ions containing
both diols and the DETOSU unit(s) as shown in Table V1.

Semiquantitative Analysis of t-CDM and HD Lev-
els, From the preceding discussion, diagnostic ions specific
to the DETOSU, t-CDM, and HD units have been
identified. By comparison of their relative peak area
intensities, these ions may be employed to estimate the
surface content of t-CDM and HD, relative to their
respective bulk concentrations. Figure 6 shows the
comparison of the peak areas, A, of the m/z 109 (diagnostic
of t-CDM), 101 (diagnostic of HD), and 127 (diagnostic of

300

500 600

I 945

900 1000
m/z

DETOSU) peaks as a function of nominal polymer
composition. Peak areas than peak heights were chosen
for the analysis because each peak in the secondary ion
spectrum is defined over a number of rather than one
spectral channels. Itis evident that there is a near-linear
relationship between the Ajp9/A109 + A127 ratio and the
bulk t-CDM levels. The slight deviation from linearity at
high t-CDM levels may be attributable to the small but
significant contribution of the (McpmyH)* ion to the m/z
127 signal with increasing bulk t-CDM composition. For
HD, the ratio Ajo1/ A101 + A127 also shows a linear increase
with increasing HD bulk composition in Figure 6. These
data suggest that the peak areas of the ions within this
mass range reflect the nominal bulk composition in a
quantitative manner.

Negative Ion ToF-SIMS. No differences were ob-
served in the negative ion ToF-SIMS spectra of all the
polymer series examined. Anion signals observed in the
m/z 100-1000 range were extremely weak for the entire
poly(orthoester) series and were of little additional di-
agnosticvalue. Figure 7shows the negativeion ToF-SIMS
(m/z 0-100) for polymer A. The m/z 73 ion is the major
anion within the m/z 0-100 region and may be assigned
to CH3CH,COO~ formed from the cleavage of the ortho-
ester bonds.

General Comments. The XPS and ToF-SIMS analysis
of this series of poly(orthoesters) provides a detailed insight
into the surface chemistry of these novel polymeric bio-
materials. The data presented in this report are of
significant value both from a biomedical perspective and
also as a useful addition to the XPS and SIMS literature
on polymer surface analysis.

From the surface analysis viewpoint, the XPS data allow
the quantitative assessment of the surface chemical state
of the poly(orthoesters). The ability to identify the or-
thoester functionality will be particularly relevant in future
planned studies on the surface hydrolysis of these polymers
on exposure to biological fluids. The detailed consistent
fragmentation patterns observed within the ToF-SIMS
spectra also draw particular interest. The detection of
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Figure 4. Positive ion ToF-SIMS spectrum of polymer D.
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Figure 5. Positive ion ToF-SIMS spectrum (m/z 1000-1500)
g)r (a) polymer A, (b) polymer B, (¢) polymer C, and (d) polymer

cations and/or anions that may be assigned to M + H is
emerging as a common feature in polymer SIMS spectra.
Despite the complexity of the poly(orthoester) structure,
the ToF-SIMS data may be readily interpreted to dis-
tinguish ions diagnostic of each type of repeat unit and
also ions specific to the diads and triads arising from the
random copolymer sequence. From the above assign-
ments, it is evident that the major fragmentation of the
polymer backbone occurs within the region of the ether

919
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L4
m'z 900 1000
e
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5E 84
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-
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S
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Figure 6. Graph of the area ratios of signals diagnostic of HD
(m/z 101), t-CDM (m/z 109), and DETOSU (m/z 127) as a
function of bulk polymer composition.
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m/z
Figure 7. Negative ion ToF-SIMS spectrum of polymer A.

linkage for the diols and also at the orthoester functional
group for DETOSU. In the case of these poly(ortho-
esters), it is interesting to speculate on the nature of the
fragmentation of the polymer since the cleavage of the
orthoester bonds may involve the exocyclic or the endocy-
clicalkoxy group. Hence, two discrete series of fragments
are possible.

The exocyclic cleavage of the orthoester functional group
may give rise to the formation of the (Mpgrsou £ H)*,
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Scheme I
CH3CHz O—CHj; CH,—O  CHaCH3 — O CHCH3
NN N \/
c c, or /C\_\
\ /\ /
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CH3CH,  O—CHaz CHy—0O  CHaCH3 — O CHyCH,3
: ’+\C/ N7 N/ o N
c c
/\ /7 \ /\
O—CH; CH,—O  OH —0 H
MH MH-O

CH:CHz\
e c
A~ A

<0 0-CH; CHa—~

O—CHz CHa~0  CHyCHj
/ 70 N/

/A
o o\

O—CHz CHy—0  CH,CHg
\/ \/
o=C C C+
/\
O—CH; CH=0
M-CH,CH,

Scheme II

CH3CH, O—CHz CH—0  CHaCHg3
N/ \/ \/

/\ /\ AN
-—O0 O0—CH; CH:—O) (HD or t-CDM)—

|

O—CHz CHaTO  CHyCHj
s 7R
C C +C
/ N\ \
—=0 O0—CHy CHy0" (HD or 1-COM)—

CH3CH
3 2\

+H

CH3CHj O—CH2 CHa+
\/ /

+  CH3CHz{C=0)-(HD or 1-CDM)—
\ /\
—0 O—CHz CHzOH

(Mperosu - O £ H)*, and (Mpgrosu - CH2CHa)* ions as
shown in Scheme I. Conversely, endocyclic cleavage of
the orthoester bonds gives rise to the (Y or X +
(C=0)CH,CH;)* ions. A possible mechanism of ion
formation may be that shown in Scheme II. The cations
diagnostic of DETOSU at m/2 127, 143, 157,159, 173, and
175 and the anion at m/2 73 also arise from the cleavage
of the endocyclic alkoxy bonds.

The excellent correlation between ToF-SIMS ion peak
areas and bulk composition for the diols is also noteworthy.
Similar observations have been observed for hard and soft
segment models in polyurethanes,!s in the sequencing of
poly(alkyl/hydroxyalkyl methacrylate) copolymers,? and
for nylon copolymers.?5 Despite concerns over the influ-
ence of the matrix effects on ion yields, a significant body
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of work is emerging in the literature that suggests that
SIMS analysis of polymers may be undertaken in a semi-
quantitative manner, albeit under carefully controlled
experimental conditions.

From a biomedical standpoint, the surface analysis data
confirm the purity of the surface structure, a prerequisite
for any potential clinical application. The ability to
differentiate the different chemical functionalities within
the surface structure of the poly(orthoester) with SIMS
and XPS provides not only a detailed insight into the
polymer interfacial structure but also the foundation work
for future research, designed to examine the mechanism
and loci of surface degradation during the hydrolysis of
the copolymer. These studies are in progress.
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