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Abstract

Sequence dependent conformations of a series of glycidyl methacrylate/butyl methacrylate (GMA/BMA) copolymers cationized by sodium
were analyzed in the gas phase using ion mobility methods. GMA and BMA have the same nominal mass but vary in exact mass by 0.036 Da
(CH,4 versus O). Matrix assisted laser desorption/ionization (MALDI) was used to fofit@NéA/BMA) copolymer ions and their collision
cross-sections were measured in helium using ion mobility methods. The copolymer sequences (@MMNBMA) ; to Na' (GMA/BMA) 5
(i.e. for the trimer to the pentamer) were studied. Analysis by molecular mechanics/dynamics indicates that each copolymer (regardless of
sequence) forms aring around the sodium ions due téoXggen electrostatic interactions. However, the structures vary in size, since the epoxy
oxygen atoms in the glycidyl groups are attracted to the sodium ions while the carbon-composed butyl groups are not. This allows copolymers
with more GMA segments to fold tighter (more spherically) around the sodium ion and have smaller cross-sections than copolymers with a
larger amount of BMA segments in the sequence. Due to this cross-sectional difference, the GMA/BMA sequence compositions of the trimer
and tetramer could be quantified.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Synthetic polymers play a very important part in ev-
eryday life as well as in industry. They exist throughout
the world as materials ranging from nylon fibers in cloth-
ing to reinforced plastics. Linking special properties of in-
dividual polymers such as viscosity, strength and flexibil-
ity is an important part of forming a useful copolymer.

As the length of the polymer chain increases more pos-

sibilities become available for the polymer. Long poly-

mers form films, are used for sensors, and even allow hu-

man existence by creating our genetic code (DNA/RNA).
However, it is still important to study the smaller poly-
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mers to thoroughly understand the properties of the polymer
chains.

Many analytical methods are used to characterize poly-
mer structures. We have developed methods based on mass
spectrometry and ion mobility that give detailed information
about the conformations of large molecules in the gas phase.
Using matrix assisted laser desorption/ionization (MALDI)
[1] in conjunction with time-of-flight (TOF) mass spectrom-
etry we are able to characterize which polymers are present
in the sample and the abundance of these polymers. By incor-
porating ion mobility[2,3] into our analysis, we mass-select
the ion of interest and analyze it as a function of time as the
ion drifts through a cell of buffer gas under the influence of
a weak electric field. The amount of time that is takes for the
ion to drift is related to its conformation and allows structural
analysis of the ion.
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In this paper we report on the application of ion whilethe TOFwas operated inreflectron mode to obtain high-
mobility to the structural analysis of glycidyl methacry- resolution mass spectra of the ions formed in the source.
late/butyl methacrylate (GMA/BMA) copolymers cationized Performing ion mobility experiments requires that the re-
by sodium with two different end groups, either a hydrogen flectron be turned off and an opposing voltage applied to the
or vaso end group. In the synthesis of GMA/BMA copoly- ions before the drift cell. By decelerating the ions, collision-
mers, both end groups are produced, however the hydrogerinduced dissociation is prevented and the ions can be gen-
end group is the most abundant. The GMA/BMA copolymers tly injected into the 20 cm long glass drift cell filled with
below are named by how many R groups existin the sequence~1.5 Torr of helium gas. The temperature of the cell can

(i.e. R=3is the trimer). be varied from 80 to 500K by controlling the flow rate of
H,C N warmed or cooled nitrogen through passages surrounding
CH, cH the drift cell to meet the needs of the experiment. A weak,
HC 1 2 uniform electric field across the cell gently pulls the ions
H,C o ) through the He gas at a constant drift velocity. After exit-
vaso e} o 0 ing the drift cell, the ions are gently accelerated through a
R R guadrupole mass filter and detected with an electron multi-
R— _@ Glycidyl " plier. The quadrupole is set to a specific mass-to-charge ratio
(m/2) to eliminate any ions that might arise from fragmen-
R= -~ Buyl tation in the drift cell and interfere with the ion mobility

GMA/BMA copolymers incorporate a reactive hy- experiments. The pulse source extraction voltage triggers a
drophilic monomer, GMA, with an inexpensive hydrophobic timing sequence so that the ions are detected as a function
monomer, BMA. The epoxy group in GMA can be cross- 0ftime, yielding an arrival time distribution or ATD. The re-
linked to yield long lasting durable films and can also react duced mobilityKo, of the ion is accurately determined from
with nitrobenzoic acid to form dispersants with high affinity a series of ATDs measured at different electric field strengths
for certain pigment surfaces. Similar copolymers with reac- (7.5-16 V/cm) across the drift cell. Through the use of kinetic
tive monomers such as GMA have potential applications for theory the ion’s collision cross-section can also be calculated.
high solid content automobile coatingg. The problem that
results from the attempt to characterize GMA/BMA copoly- 2.1. Data analysis
mers is that they have the same nominal mass but a slightly
different exact mass (CHversus O) with BMA 0.036 Da The reduced mobility of the mass-selected ions can be
larger than GMA. The isobaric distribution due to the dif- obtained from the ATD using Eq1) [7]:
ferent monomer compositions has already been analyzed for
these copolymers using FT-IC[8]. However, this method g, = (ﬂﬁﬁ 1 ) 1)
was only able to indicate the number of GMA or BMA seg- 7607V 1a — 1o
ments but not the position of the segments throughout theyherel is the length of the celll, the temperature in Kelvin;
copolymer. lon mobility, on the other hand, analyzes ions de- |, the pressure of the He gas (in To);the strength of the
pending on size, so different sequences can be quantified ag|ectric field;ta, the ions’ arrival time taken from the center
long as a variation in size exists. of the ATD peak; ando is the amount of time the ion spends
outside the drift cell before reaching the detector. A series
of arrival times {a) are measured by changing the voltage
(V) applied to the drift cell. A plot ofs versusp/V yields a
straight line with a slope inversely proportionalkg and an
intercept ofty. OncekK, is found, the ion’s collision cross-
section can be obtained using ER):

2. Experiment

Experiments were performed using a home-built MALDI-
TOF instrument. The details concerning the experimental
set-up for the mass spectrum and ion mobility measure- 3e or \V2 1
ments have been published previouf8y, so only a brief 2th = —(—) = (2)

L . . h 16No \ ukpT Ko
description will be given. Sodiated GMA/BMA copolymers
were formed by MALDI in a home-built ion source. 2,5- Whereeis the charge of the iori¥l,, the number density of
Dihydroxybenzoic acid (DHB) was used as the matrix and He at STPT, temperaturekb, Boltzmann'’s constant; and
tetrahydrofuran (THF) as the solvent. Approximatelyd0 is the ion-He reduced magg].
of DHB (100 mg/mL), 5QuL of the copolymer (1 mg/mL)
and 8u.L of Nal (saturated in THF) were applied to the sam- 2.2. Theoretical modeling
ple target and dried. A nitrogen laser=<337 nm, 12 mwW
power) was used to generate ions, via MALDI, in a two- Conformational analysis of the ions is obtained by com-
section (Wiley-McLaren) ion source. The ions were acceler- paring the experimental cross-section from the ATDs to the
ated down a 1 m flight tube with 9kV acceleration voltage, cross-sections of theoretical structures. Molecular mechan-
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ics/dynamics methods are required to generate the trial struc- @)
tures for large molecules like this copolymer system. We have H-end
had success in using the AMBER set of molecular mechan-
ics/dynamics program8] to provide reliable structures for
many synthetic polymei®-13]. In these cases, the theoret-
ical cross-sections agreed well with the ion mobility data.
Using the appropriate AMBER parameters, trial struc-
tures were calculated for the eight different sequence
possibilities for Na(GMA/BMA)3, 16 possibilities for
Na"(GMA/BMA) 4 and 32 for N4(GMA/BMA) 5 with both
hydrogen and vaso end groups. An annealing/energy min-
imization cycle was used to generate 100—-150 low-energy
structures for each copolymer sequence possibility. In this (b)
cycle, an initial minimization of the structure is followed by V-end
30 ps of molecular dynamics at 600K and 10 ps of molec-
ular dynamics in which the temperature is incrementally
dropped to OK. The resulting structure is then energy min-
imized again and used as the starting structure for the next
minimization/dynamics run. After all 100-150 low-energy
structures are obtained, theoretical cross-sections must be
calculated for comparison with experimental cross-sections.
A temperature-dependent projection model, 15]with ap-
propriate atomic collision radii calculated from the ion—He 230 50 950 pri 1120
interaction potential, is used to calculate the angle-averaged Arrival Time (us)
collision cross-section of each theoretical structure. A scatter
plot of cross-section versus energy is collected for the mini- Fig. 2. Arrival time distributions (ATDs) of the trimer for the (a) hydrogen

mized structures and used to help identify the ions observedand (b) vaso end groups obtained at a drift cell temperature of 115 K for best
in the experimental ATDs resolution. Multiple peaks in the ATDs indicate more than one conformation

with different collision cross-sections.

3. Results and discussion 3.1. N& trimer

A MALDI-TOF mass spectrum of (GMA/BMA) doped Fig. 2 shows typical ATDs for the sodiated GMA/BMA
with Nal is shown inFig. 1. Only sodiated GMA/BMA ions trimers. Four resolvable features appear in the ATDs for both
are observed in the mass spectrum ranging from the trimer tothe hydrogen and vaso end group. The four peak features
the hexamer for the hydrogen end group and the trimer to theindicate four distinct isomers are present, which travel with
pentamer for the vaso end group. For the ion mobility exper- different mobilities through the helium gas in the ion mobility
iments, all sodiated GMA/BMA copolymer ions are gently drift cell. To obtain these ATDs, the temperature of the drift
injected into the drift cell and their arrival time distributions cell was cooled from 300 to 115 K to slow down any possible
collected. isomerization and to increase the resolution of the ATD peaks

[11,16,17] This temperature drop did not resolve out any new
peaks, indicating isomerization is not likely occurring. The
collision cross-sections of each ATD peak were extracted
at 300K using Eqgs(1) and(2) (see ref[18] for typical ta
H-T:t?;mer versuso/V plots). These values and the relative abundance of
Nat Na+ each experimental peak are givenTables 1 and Zables 1
H-Trimer H-Pentamer (hydrogen trimer) and 2 (vaso trimer).
. Theoretical structures of the sodiated trimerions were gen-
V_TNr?r;er Na+ erated using the methods described in the theoretical model-
V- Tetramer Na- ing section. A simulated annealing/energy minimization cy-

i V-Pentamer cle was used to produce 100 low-energy structures for the
700

Relative Intensity

trimer (and 150 for the tetra and pentamer) and the angle
averaged collision cross-section of each structure was calcu-
800 800 lated with the projection model. A scatter plot of the cross-
section versus energy was then used to help identify the ions
Fig. 1. MALDI mass spectrum of the sodiated GMA/BMA copolymer. observedinthe ATDs. A scatter plot obtained for the all GMA

T

400 500 600
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Table 1 Q
Collision cross-section#A¢) for hydrogen end trimer N Q ¢

: Ge &0 ~ Qo
Sequence Theory (N3 Experiment (N&) % Abundance from ATD r f &8

H-GGG 132 130 11 \i{fo d Q o
H-GBG 141 139 36 H-end 1§ po¥s I

, . L8
H-BGG 142 O~ 5o o000 % E
i~ ) Tu
H-GGB 145 146 32 O = )
H-BBG 148
H-BGB 152 153 21 o¥ X
H-GBB 156 i& D o Q A
H-BBB 159 0 % o, I ‘*’ Cﬁj o
+1% reproducibility error for experiment:2% error for theory. \aiid i i @ ﬂ, : ,T Qg,ﬁfi
-en ( (\L‘}JT\ ,\f-\ O _{}o{,_‘%ﬂ A\u
Table 2 'Y -M,{f"j:f e ﬁ{j
o Y i ‘ -{ ‘ o~ 50O
Collision cross-section®\¢) for vaso end trimer ot u Q
Sequence Theory (Np Experiment (N&) % Abundance from ATD od ;:
by O

V-GGG 161 164 25 O '
V-BGG 163 Gee BBB
V-GBG 171 171 32 Fig. 4. Lowest energy theoretical structures calculated for the hydrogen and

GG 6 29 vaso trimers. Only GGG and BBB sequences are illustrated to show the
x_BB B i'; 175 maximum difference in structure. Carbon atoms are white, nitrogen is black,

"BBG 8 oxygen atoms are grey and sodium is circled (hydrogen atoms have been
V-BGB 181 184 14 omitted for clarity).
V-GBB 186
V-BBB 191 0

away from the polymer backbone. GMA, on the other hand,

. . o . has additional epoxy oxygen that can bind td' Nas a result,

tr!mer with a hydrogen end group (H-GGG) is illustrated in = {ha glycidyl group folds around the sodium idfig. 4shows

Fig. 3 _ the maximum difference in shape between BMA and GMA
For each sequence of hydrogen- and vaso-end trimers.py comparing GGG with BBB. For GGG, six oxygen atoms

only one family of low-energy structures is predicted by the- (¢hree carbonyl and three epoxy) coordinate to the sodium ion

ory. Representatives for BBB and GGG are showhif 4. and the copolymer folds into a ball-like shape. In BBB, only

In all cases, the copolymer wraps arouni:i the’ im with the three carbonyl oxygens coordinate to'Nad the poly-

all three ester carbonyl oxygens bound to'Ndowever, the e forms a more extended structure. As a result, BBB has

overall shape of the copolymer changes depending on theg oo, larger collision cross-section than GGG (353,'&2

number and sequence of GMA and BMA units. BMA has N0 orsus 132 3A2 for the hydrogen end group).

additional oxygen atoms, other than the carbonyl oxygens, o the mixed GMA/BMA trimers, the cross-sections fall

that can bind to Na Thus, the butyl groups simply extend  peqyeen the GGG and BBB values with the trimers con-

taining more GMA segments having smaller cross-sections

147 1 than those with more BMA segments. The calculated cross-
sections for each sequence are listedables 1 and 2For
. v trimers with one BMA group, sequences with BMA opposite
= 47 e .t the hydrogen/vaso end have the largest cross-sections. For ex-
,,.{: . ". s . ample, the calculated cross-section of V-BGG is 363A2?
-§ a7 - RS S R whereas that of V-GGB is 1782A2. A similar trend oc-
@ 4d IS S dh el L curs for trimers with one GMA group. The calculated cross-
g .. ,“:‘e‘ R sectionincreasesinthe order V-BBG < V-BGB < V-GBB (the
~» * ad H
170 - R T, same trend also holds for the hydrogen end). Since the poly-
R { mer backbone forms a ring around the sodium ion, placing
GMA on the end opposite the hydrogen/vaso end forces the
127 . I - p % polymer to be more spherical by allowing the sodium ion to

coordinate with the epoxy oxygen. However, when BMA is
placed on the end opposite the hydrogen/vaso end, the stiff-
Fig. 3. Scatter plot of cross-section vs. energy for the trimer, H-GGG. Only ness of the double bond and the extended bUtyI group force

one family of low-energy structures is predicted for all the GMA/BMA  the polymers to be larger and more elliptical in shape as il-
copolymers. lustrated inFig. 4.

Relative Energy (kcal/mol)
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The calculated collision cross-sections for each trimer se- (a)
quence possibility are compared to experimental values in H-end
Tables 1 and 2A theoretical cross-section is considered a
match to an experimental number ifitis within 2% differential
[14]. This agreement allows ATD peaks to be assigned. For
the hydrogen end trimer, the shortest time peak only matches
up with the GGG sequence. The second shortest time peak
agrees wi a 2 GMA, 1 BMA structure; either BGG, GBG
or a combination of the two, but not GGB. The longest time
peak corresponds a2 BMA, 1 GMA structure; either GBB,
BGB or a combination, but not BBG and the experimental
cross-section for the second longest time peak agrees with the
calculated values of GGB and BBG. The theoretical cross- (o)
section of BBB did not fit any of the experimental peaks. The Veend
mostintense feature inthe ATD corresponds to the two GMA,
one BMA composition (BGG, GBG or a combination of the
two) and so these sequences are probably the most abundant
sequences formed in the synthesis of the copolymer. A dis-
tinction between the BGG and GBG sequences could not be
made on the current instrument due to the small variation in
their collision cross-sections.

For the vaso-end trimer, the cross-section from the shortest
time peak in the ATD agrees with the calculated values of
GGG and/or BGG, while the longest time peak matches BGB
and GBB. The second longest time peak most likely contains
GGB, BBG or a combination of the two, whereas the second rig 5. ATDs of the tetramer for the (a) hydrogen and (b) vaso end groups
shortest-time peak only correspondsto the GBG sequence. Asbtained at a drift cell temperature of 115K for best resolution.
with the hydrogen-end results, no experimental ATD peaks
agreed with the BBB trimer sequence, indicating that BBB does not discriminate against an epoxy oxygen or a carbonyl
was not formed in the Synthesis. AlSO, like the hydrogen'end oxygen, or among the side closer to the Vaso/hydrogen end
trimer, the most abundant peak in the ATD corresponds to agr the side with the alkene.
two GMA, one BMA copolymer structure (GBG). The calculated cross-sections for each possible sequence

of the GMA/BMA tetramer are compared to the experimen-

920 1020 1120 1220 1320 1420 1520
Arrival Time (gs)

3.2. N& tetramer

Typical ATDs for the sodiated GMA/BMA tetramer are
shown inFig. 5. In a similar manner to the trimer studies, i
ATDs were obtained at 115K (in addition to 300 K) to im-
prove the resolution. Only the 115K ATDs are shown in the
figure. Four resolvable features appear in the ATD for the
hydrogen-end tetramer, but only three features can be re-H-end
solved for the vaso-end tetramer.

As with the trimer, theory predicts one low-energy family
of conformers for each sequence of the tetramer. Represen
tations of the lowest energy structures for GGGG and BBBB
are shown irFig. 6. The sodium ion coordinates to a maxi- ) Q
mum number of six oxygen atoms. This was also observed for i
the homopolymer poly (methyl methacrylaf&ép] in which
the sodium ion bound to a maximum of six oxygen atoms )
even if more were available for coordination. For BBBB four .4 1 Hg'

@Vﬁtf’( qwg, i
(‘T’AJ

GGGG 2 BBEB

carbonyl oxygen atoms are available for coordination and
all four bind to the sodium ion. GGGG has eight available
oxygen atoms (four carbonyl and four epoxy) and tetramer
sequences with three GMA, one BMA have seven available

oxygens. However, in these situations, the sodium ion binds rig. 6. Lowest energy structures calculated for the tetramer. The GGGG and
to only six oxygen atoms on the copolymer. The sodium ion BBBB sequences are illustrated for the vaso and hydrogen end groups.
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Table 3 . longest time feature matches the four possible sequences of
Collision cross-sectionA¢) for hydrogen end tetramer the three BMA. one GMA form: GBBB. BGBB. BBGB. and
Sequence Theory (Nj Experiment (N&) % Abundance from ATD BBBG. The second longest time peak corresponds to nine
H-GGGG 160 162 19 possible sequences: six associated with the two GMA, three

BMA form and three associated with the three GMA, one

H-GGBG 166 166 38 - - )
CBGG BMA form. As seen with the trimers, the theoretical cross-
::BEGG g; section for BBBB did not fit any of the experimental peaks.
H-GGGB 173 These results_ were synthet.ically significant. because the sec-
H-BBGG 173 ond shortesttime peak, assigned to GGBG, is the mostintense
H-BGBG 175 peak in the ATD and so it must be a dominant product formed
H'GS(E:B 172 174 31 in the synthesis.
::gBGS i; The vaso-end tetramer has a slightly different ATD and
H-GBBG 177 peak assignments than the hydrogen-end tetramer. Only three
features are resolvable in the ATD and each feature cor-
H-BGBB 181 h h K h
H-BBBG 183 182 13 rgsponds to more than one sequence. T e peak at shortest
H-BBGB 184 time agrees with three different sequences, including GGGG,
H-GBBB 185 BGGG and GBGG. The peak occurring at intermediate time
H-BBBB 191 0 incorporates the remaining two sequences of the three GMA,

one BMA form (GGBG and GGGB) and four possible se-

. - : , quences of the two GMA, two BMA. The peak at longest
ta_\l values inTables 3 gnd ASimilar trends in cros_s_—sectlonal time is made up of the remaining two sequences of the two
differences as a function of BMA/GMA composition and se- GMA, two BMA form (BGGB, GBGB) and three sequences
gquence were observed for the tetramers as seenforthetrimersof the three BMA, one GMA form (with the exception of
In terms of composition, tetramers with more BMA content g | this case, theoretical cross-sections for BGBB
have larger cross-sections than those with more GMA con- and BBBB did not fit any of the experimental peaks.

tent. In terms of sequence, the tetramers with only one BMA 1o 1105t intense peak for the vaso-end tetramer is the
segment and three GMA segments have the largest CroSSpeak at longest time, which is made up of a combination
section when the BMA group is positioned on ihe opposite of five sequences. For the hydrogen-end tetramer the most
side of the hydrogen/vaso enq. When one GMA segment ,an,dabundant sequence is H-GGBG (which is a three GMA, one
three BMA segments occur in a tetramer sequence, a Slml'BMAform), but in the case of the vaso-end tetramer the most

Ir?r trend is seen whﬁre tue sequ"ence with GMA next to the abundant sequence(s) consist of two GMA, two BMA and/or
ydrogen/vaso end has the smallest cross-section. one GMA, three BMA forms.

ATD peak assignments for the tetramer are more difficult
than the trimer because of the larger number of possible se-3
quences. For the hydrogen end tetramer, the shortest time

peak in the ATD Fig. 5) matches only with GGGG, while One large irresolvable peak appears in the sodiated
the second shortest time peak corresponds to GGBG. Thehydrogen- and vaso-end pentamer ATBig( 7). Thirty-two
Table 4 sequence possibilities exist, and although the cross-sections
Collision cross—sectionyi(z) for vaso end tetramer of the GGGGG and BBBBB differ by 15%, the Other S_e'

- quences only vary by 1%. Thus, even though multiple iso-
Sequence Theory (Na Experiment (N&) 9 Abundance from ATD mers (sequences) are undoubtedly present in the pentamer
xg‘g‘gg‘ ig;’ 166 b the high number of possible sequences and their similarity in

cross-section outweigh the resolving power of the instrument.

3. N& pentamer

V-GBGG 187 . .
Theoretical structures calculated for the pentamer yield
x:gggg 132 197 33 one low energy conformation for each sequence. Represen-
\V.BBGG 196 tatives of the lowest energy structures for H-GGGGG and
V-BGBG 196 H-BBBBB are shown inFig. 8 The cross-sections associ-
V-GBBG 197 ated with these extreme cases are given by the arrows in
V-GGBB 198 Fig. 7. One interesting aspect of the pentamer structures is
V-BGGB 204 that the maximum number of oxygen atoms the sodium ion
V-GBGB 206 binds to is still six (as seen with the tetramer). BBBBB has
V-BBBG 208 205 50 five oxygen atoms that are able to coordinate to the sodium
V-BBGB 208 . )
V-GBBB 209 ion and sequences with only one GMA segment and four

BMA segments have six oxygen atoms, so the sodium ion
&ESSBB SE 0 binds to all five or six oxygen atoms. GGGGG, on the other
hand, has ten available oxygens (five carbonyl, five epoxy)
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(a) 4. Summary
H-end
Mass spectrometry, ion mobility and molecular modeling
calculations were used to determine the gas-phase confor-
mations and sequence abundance of sodiated GMA/BMA

GGGEG copolymers ranging from the trimer to the pentamer. Multi-
l ple conformations of each copolymer were observed in the
ion mobility experiments. Theory predicts one family of con-

formations for each possible sequence of the copolymers,
BEBEE but the cross-sections of each family differ upon variation in
the GMA/BMA composition and sequence. In all cases, the
Na" ion binds to the multiple carbonyl oxygens in the poly-
(b) mer chain. However, the epoxy oxygens in the GMA units
Vend also bind to the N4 folding the glycidyl groups around the
sodium ion. The butyl groups in the BMA units, on the other
hand, do not have any oxygen atoms to bind to thé &tz
extend away from the polymer backbone. As a result, copoly-
mers with more GMA units yield structures with smaller

GECEE cross-sections than those with more BMA units. Addition-
ally, copolymers with BMA on the ends cannot fold as tightly
BEBED as those with GMA on the ends and hence yield structures
l with larger cross-sections. Based on the theoretical structures,
1220 1320 1490 1520 1620 1720 1820 1920 each conformation observed in the ion mobility experiments
Arrival Time (gs) could be assigned to a particular GMA/BMA composition

or sequence. Arrival time distributions for the trimer indi-
Fig. 7. ATDs for the (a) hydrogen and (b) vaso pentamer obtained at a cate that the most abundant sequences are the combination
Qrift cell temperature of 115K for best rgsolqtion. One.irresolv'able feature of H-BGG and H-GBG for the hydrogen-end group and V-
is present due to the small cross-section difference in possible pentamerGBG for the vaso-end group. The arrival time distributions
sequences. . .

for the tetramer indicated that the most abundant sequence

is H-GGBG for the hydrogen-end group. There are five se-

) quences for the vaso-end group theoretically corresponding
and other pentamers with more than one GMA have more 1, the most intense peak but these could not be resolved on
than six oxygen atoms, so the sodium ion must choose wereqr instrument. Sequences consisting of only BMA segment
to bind. In PMMA[10], the N& ion bound to two to three  (ggg and BBBB) and BGBB in the vaso-end tetramer were
carbonyl oxygen atoms on each end of the polymer, form- yhe only sequences whose cross-sections did not match any
ing a U shaped structure. However, in the larger BMA/GMA ¢ the experimental values. For all other sequences, theoreti-
copolymers, the Naion binds to only one end of the poly- 5| and experimental cross-section agreed within 1-2%. The
mer (either the hydrogen/vaso-end or the alkene end) but notyjya) time distribution for the pentamer yielded one broad
both. irresolvable peak. This result certainly indicates that multi-
ple conformations of the pentamer exist. However, due to the
high number of possible sequences for the pentamer and their
similarity in cross-section, specific conformations could not
be assigned to specific sequences.
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