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Abstract

Sequence dependent conformations of a series of glycidyl methacrylate/butyl methacrylate (GMA/BMA) copolymers cationized by sodium
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ere analyzed in the gas phase using ion mobility methods. GMA and BMA have the same nominal mass but vary in exact mass b
CH4 versus O). Matrix assisted laser desorption/ionization (MALDI) was used to form Na+(GMA/BMA) copolymer ions and their collisio
ross-sections were measured in helium using ion mobility methods. The copolymer sequences from Na+(GMA/BMA) 3 to Na+(GMA/BMA) 5

i.e. for the trimer to the pentamer) were studied. Analysis by molecular mechanics/dynamics indicates that each copolymer (re
equence) forms a ring around the sodium ions due to Na+/oxygen electrostatic interactions. However, the structures vary in size, since the
xygen atoms in the glycidyl groups are attracted to the sodium ions while the carbon-composed butyl groups are not. This allows c
ith more GMA segments to fold tighter (more spherically) around the sodium ion and have smaller cross-sections than copolym

arger amount of BMA segments in the sequence. Due to this cross-sectional difference, the GMA/BMA sequence compositions o
nd tetramer could be quantified.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Synthetic polymers play a very important part in ev-
ryday life as well as in industry. They exist throughout

he world as materials ranging from nylon fibers in cloth-
ng to reinforced plastics. Linking special properties of in-
ividual polymers such as viscosity, strength and flexibil-

ty is an important part of forming a useful copolymer.
s the length of the polymer chain increases more pos-
ibilities become available for the polymer. Long poly-
ers form films, are used for sensors, and even allow hu-
an existence by creating our genetic code (DNA/RNA).
owever, it is still important to study the smaller poly-
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mers to thoroughly understand the properties of the poly
chains.

Many analytical methods are used to characterize p
mer structures. We have developed methods based on
spectrometry and ion mobility that give detailed informa
about the conformations of large molecules in the gas p
Using matrix assisted laser desorption/ionization (MAL
[1] in conjunction with time-of-flight (TOF) mass spectro
etry we are able to characterize which polymers are pre
in the sample and the abundance of these polymers. By i
porating ion mobility[2,3] into our analysis, we mass-sel
the ion of interest and analyze it as a function of time as
ion drifts through a cell of buffer gas under the influenc
a weak electric field. The amount of time that is takes fo
ion to drift is related to its conformation and allows structu
analysis of the ion.

387-3806/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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In this paper we report on the application of ion
mobility to the structural analysis of glycidyl methacry-
late/butyl methacrylate (GMA/BMA) copolymers cationized
by sodium with two different end groups, either a hydrogen
or vaso end group. In the synthesis of GMA/BMA copoly-
mers, both end groups are produced, however the hydrogen
end group is the most abundant. The GMA/BMA copolymers
below are named by how many R groups exist in the sequence
(i.e. R = 3 is the trimer).

GMA/BMA copolymers incorporate a reactive hy-
drophilic monomer, GMA, with an inexpensive hydrophobic
monomer, BMA. The epoxy group in GMA can be cross-
linked to yield long lasting durable films and can also react
with nitrobenzoic acid to form dispersants with high affinity
for certain pigment surfaces. Similar copolymers with reac-
tive monomers such as GMA have potential applications for
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while the TOF was operated in reflectron mode to obtain high-
resolution mass spectra of the ions formed in the source.

Performing ion mobility experiments requires that the re-
flectron be turned off and an opposing voltage applied to the
ions before the drift cell. By decelerating the ions, collision-
induced dissociation is prevented and the ions can be gen-
tly injected into the 20 cm long glass drift cell filled with
∼1.5 Torr of helium gas. The temperature of the cell can
be varied from 80 to 500 K by controlling the flow rate of
warmed or cooled nitrogen through passages surrounding
the drift cell to meet the needs of the experiment. A weak,
uniform electric field across the cell gently pulls the ions
through the He gas at a constant drift velocity. After exit-
ing the drift cell, the ions are gently accelerated through a
quadrupole mass filter and detected with an electron multi-
plier. The quadrupole is set to a specific mass-to-charge ratio
(m/z) to eliminate any ions that might arise from fragmen-
tation in the drift cell and interfere with the ion mobility
experiments. The pulse source extraction voltage triggers a
timing sequence so that the ions are detected as a function
of time, yielding an arrival time distribution or ATD. The re-
duced mobility,Ko, of the ion is accurately determined from
a series of ATDs measured at different electric field strengths
(7.5–16 V/cm) across the drift cell. Through the use of kinetic
theory the ion’s collision cross-section can also be calculated.
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igh solid content automobile coatings[4]. The problem tha
esults from the attempt to characterize GMA/BMA copo
ers is that they have the same nominal mass but a sl
ifferent exact mass (CH4 versus O) with BMA 0.036 D

arger than GMA. The isobaric distribution due to the
erent monomer compositions has already been analyze
hese copolymers using FT-ICR[5]. However, this metho
as only able to indicate the number of GMA or BMA s
ents but not the position of the segments throughou

opolymer. Ion mobility, on the other hand, analyzes ions
ending on size, so different sequences can be quantifi

ong as a variation in size exists.

. Experiment

Experiments were performed using a home-built MAL
OF instrument. The details concerning the experime
et-up for the mass spectrum and ion mobility meas
ents have been published previously[6], so only a brie
escription will be given. Sodiated GMA/BMA copolyme
ere formed by MALDI in a home-built ion source. 2
ihydroxybenzoic acid (DHB) was used as the matrix

etrahydrofuran (THF) as the solvent. Approximately 50�L
f DHB (100 mg/mL), 50�L of the copolymer (1 mg/mL
nd 8�L of NaI (saturated in THF) were applied to the sa
le target and dried. A nitrogen laser (λ = 337 nm, 12 mW
ower) was used to generate ions, via MALDI, in a t
ection (Wiley-McLaren) ion source. The ions were acce
ted down a 1 m flight tube with 9 kV acceleration volta
.1. Data analysis

The reduced mobility of the mass-selected ions ca
btained from the ATD using Eq.(1) [7]:

o =
(

l2
273

760T

p

V

1

tA − to

)
(1)

herel is the length of the cell;T, the temperature in Kelvin
, the pressure of the He gas (in Torr);V, the strength of th
lectric field;tA, the ions’ arrival time taken from the cen
f the ATD peak; andto is the amount of time the ion spen
utside the drift cell before reaching the detector. A se
f arrival times (tA) are measured by changing the volt
V) applied to the drift cell. A plot oftA versusp/V yields a
traight line with a slope inversely proportional toKo and an
ntercept ofto. OnceKo is found, the ion’s collision cros
ection can be obtained using Eq.(2):

(1,1) = 3e

16No

(
2π

µkbT

)1/2 1

Ko
(2)

heree is the charge of the ion;No, the number density o
e at STP;T, temperature;kb, Boltzmann’s constant; andµ

s the ion-He reduced mass[7].

.2. Theoretical modeling

Conformational analysis of the ions is obtained by c
aring the experimental cross-section from the ATDs to
ross-sections of theoretical structures. Molecular mec
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ics/dynamics methods are required to generate the trial struc-
tures for large molecules like this copolymer system. We have
had success in using the AMBER set of molecular mechan-
ics/dynamics programs[8] to provide reliable structures for
many synthetic polymers[9–13]. 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 Na+(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
cycle, an initial minimization of the structure is followed by
30 ps of molecular dynamics at 600 K and 10 ps of molec-
ular dynamics in which the temperature is incrementally
dropped to 0 K. 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[14,15]with ap-
propriate atomic collision radii calculated from the ion–He
interaction potential, is used to calculate the angle-averaged
collision cross-section of each theoretical structure. A scatter
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Fig. 2. Arrival time distributions (ATDs) of the trimer for the (a) hydrogen
and (b) vaso end groups obtained at a drift cell temperature of 115 K for best
resolution. Multiple peaks in the ATDs indicate more than one conformation
with different collision cross-sections.

3.1. Na+ trimer

Fig. 2 shows typical ATDs for the sodiated GMA/BMA
trimers. Four resolvable features appear in the ATDs for both
the hydrogen and vaso end group. The four peak features
indicate four distinct isomers are present, which travel with
different mobilities through the helium gas in the ion mobility
drift cell. To obtain these ATDs, the temperature of the drift
cell was cooled from 300 to 115 K to slow down any possible
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 300 K using Eqs.(1) and(2) (see ref.[18] for typical tA
versusp/Vplots). These values and the relative abundance of
each experimental peak are given inTables 1 and 2Tables 1
(hydrogen trimer) and 2 (vaso trimer).

Theoretical structures of the sodiated trimer ions were gen-
erated using the methods described in the theoretical model-
ing section. A simulated annealing/energy minimization cy-
cle was used to produce 100 low-energy structures for the
trimer (and 150 for the tetra and pentamer) and the angle
averaged collision cross-section of each structure was calcu-
lated with the projection model. A scatter plot of the cross-
section versus energy was then used to help identify the ions
o MA
lot of cross-section versus energy is collected for the m
ized structures and used to help identify the ions obse

n the experimental ATDs.

. Results and discussion

A MALDI-TOF mass spectrum of (GMA/BMA)n doped
ith NaI is shown inFig. 1. Only sodiated GMA/BMA ion
re observed in the mass spectrum ranging from the trim

he hexamer for the hydrogen end group and the trimer t
entamer for the vaso end group. For the ion mobility ex

ments, all sodiated GMA/BMA copolymer ions are gen
njected into the drift cell and their arrival time distributio
ollected.

Fig. 1. MALDI mass spectrum of the sodiated GMA/BMA copolyme
 bserved in the ATDs. A scatter plot obtained for the all G
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Table 1
Collision cross-sections (Å2) for hydrogen end trimer

Sequence Theory (Na+) Experiment (Na+) % Abundance from ATD

H-GGG 132 130 11

H-GBG 141 139 36
H-BGG 142

H-GGB 145 146 32
H-BBG 148

H-BGB 152 153 21
H-GBB 156

H-BBB 159 0

±1% reproducibility error for experiment;±2% error for theory.

Table 2
Collision cross-sections (Å2) for vaso end trimer

Sequence Theory (Na+) Experiment (Na+) % Abundance from ATD

V-GGG 161 164 25
V-BGG 163

V-GBG 171 171 32

V-GGB 176 175 29
V-BBG 178

V-BGB 181 184 14
V-GBB 186

V-BBB 191 0

trimer with a hydrogen end group (H-GGG) is illustrated in
Fig. 3.

For each sequence of hydrogen- and vaso-end trimers,
only one family of low-energy structures is predicted by the-
ory. Representatives for BBB and GGG are shown inFig. 4.
In all cases, the copolymer wraps around the Na+ ion with
all three ester carbonyl oxygens bound to Na+. However, the
overall shape of the copolymer changes depending on the
number and sequence of GMA and BMA units. BMA has no
additional oxygen atoms, other than the carbonyl oxygens,
that can bind to Na+. Thus, the butyl groups simply extend

F Only
o A
c

Fig. 4. Lowest energy theoretical structures calculated for the hydrogen and
vaso trimers. Only GGG and BBB sequences are illustrated to show the
maximum difference in structure. Carbon atoms are white, nitrogen is black,
oxygen atoms are grey and sodium is circled (hydrogen atoms have been
omitted for clarity).

away from the polymer backbone. GMA, on the other hand,
has additional epoxy oxygen that can bind to Na+. As a result,
the glycidyl group folds around the sodium ion.Fig. 4shows
the maximum difference in shape between BMA and GMA
by comparing GGG with BBB. For GGG, six oxygen atoms
(three carbonyl and three epoxy) coordinate to the sodium ion
and the copolymer folds into a ball-like shape. In BBB, only
the three carbonyl oxygens coordinate to Na+ and the poly-
mer forms a more extended structure. As a result, BBB has
a 20% larger collision cross-section than GGG (159± 3Å2

versus 132± 3Å2 for the hydrogen end group).
For the mixed GMA/BMA trimers, the cross-sections fall

between the GGG and BBB values with the trimers con-
taining more GMA segments having smaller cross-sections
than those with more BMA segments. The calculated cross-
sections for each sequence are listed inTables 1 and 2. For
trimers with one BMA group, sequences with BMA opposite
the hydrogen/vaso end have the largest cross-sections. For ex-
ample, the calculated cross-section of V-BGG is 163± 2Å2

whereas that of V-GGB is 178± 2Å2. A similar trend oc-
curs for trimers with one GMA group. The calculated cross-
section increases in the order V-BBG < V-BGB < V-GBB (the
same trend also holds for the hydrogen end). Since the poly-
mer backbone forms a ring around the sodium ion, placing
GMA on the end opposite the hydrogen/vaso end forces the
p n to
c is
p stiff-
n force
t s il-
l

ig. 3. Scatter plot of cross-section vs. energy for the trimer, H-GGG.
ne family of low-energy structures is predicted for all the GMA/BM
opolymers.
olymer to be more spherical by allowing the sodium io
oordinate with the epoxy oxygen. However, when BMA
laced on the end opposite the hydrogen/vaso end, the
ess of the double bond and the extended butyl group

he polymers to be larger and more elliptical in shape a
ustrated inFig. 4.
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The calculated collision cross-sections for each trimer se-
quence possibility are compared to experimental values in
Tables 1 and 2. A theoretical cross-section is considered a
match to an experimental number if it is 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 with a 2 GMA, 1 BMA structure; either BGG, GBG
or a combination of the two, but not GGB. The longest time
peak corresponds to a 2 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-
section of BBB did not fit any of the experimental peaks. The
most intense feature in the 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
G ond
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Fig. 5. ATDs of the tetramer for the (a) hydrogen and (b) vaso end groups
obtained at a drift cell temperature of 115 K for best resolution.

does not discriminate against an epoxy oxygen or a carbonyl
oxygen, or among the side closer to the vaso/hydrogen end
or the side with the alkene.

The calculated cross-sections for each possible sequence
of the GMA/BMA tetramer are compared to the experimen-

F G and
B s.
GB, BBG or a combination of the two, whereas the sec
hortest-time peak only corresponds to the GBG sequenc
ith the hydrogen-end results, no experimental ATD pe
greed with the BBB trimer sequence, indicating that B
as not formed in the synthesis. Also, like the hydrogen

rimer, the most abundant peak in the ATD corresponds
wo GMA, one BMA copolymer structure (GBG).

.2. Na+ tetramer

Typical ATDs for the sodiated GMA/BMA tetramer a
hown inFig. 5. In a similar manner to the trimer studi
TDs were obtained at 115 K (in addition to 300 K) to i
rove the resolution. Only the 115 K ATDs are shown in
gure. Four resolvable features appear in the ATD for
ydrogen-end tetramer, but only three features can b
olved for the vaso-end tetramer.

As with the trimer, theory predicts one low-energy fam
f conformers for each sequence of the tetramer. Repr

ations of the lowest energy structures for GGGG and BB
re shown inFig. 6. The sodium ion coordinates to a ma
um number of six oxygen atoms. This was also observe

he homopolymer poly (methyl methacrylate)[10] in which
he sodium ion bound to a maximum of six oxygen ato
ven if more were available for coordination. For BBBB f
arbonyl oxygen atoms are available for coordination
ll four bind to the sodium ion. GGGG has eight availa
xygen atoms (four carbonyl and four epoxy) and tetra
equences with three GMA, one BMA have seven avai
xygens. However, in these situations, the sodium ion b

o only six oxygen atoms on the copolymer. The sodium

ig. 6. Lowest energy structures calculated for the tetramer. The GGG
BBB sequences are illustrated for the vaso and hydrogen end group
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Table 3
Collision cross-sections (Å2) for hydrogen end tetramer

Sequence Theory (Na+) Experiment (Na+) % Abundance from ATD

H-GGGG 160 162 19

H-GGBG 166 166 38

H-GBGG 171
H-BGGG 172
H-GGGB 173
H-BBGG 173
H-BGBG 175
H-GGBB 175 174 31
H-BGGB 176
H-GBGB 177
H-GBBG 177

H-BGBB 181
H-BBBG 183 182 13
H-BBGB 184
H-GBBB 185

H-BBBB 191 0

tal values inTables 3 and 4. Similar trends in cross-sectional
differences as a function of BMA/GMA composition and se-
quence were observed for the tetramers as seen for the trimers.
In terms of composition, tetramers with more BMA content
have larger cross-sections than those with more GMA con-
tent. In terms of sequence, the tetramers with only one BMA
segment and three GMA segments have the largest cross-
section when the BMA group is positioned on the opposite
side of the hydrogen/vaso end. When one GMA segment and
three BMA segments occur in a tetramer sequence, a simi-
lar trend is seen where the sequence with GMA next to the
hydrogen/vaso end has the smallest cross-section.

ATD peak assignments for the tetramer are more difficult
than the trimer because of the larger number of possible se-
quences. For the hydrogen end tetramer, the shortest time
peak in the ATD (Fig. 5) matches only with GGGG, while
the second shortest time peak corresponds to GGBG. The

Table 4
Collision cross-sections (Å2) for vaso end tetramer

Sequence Theory (Na+) Experiment (Na+) % Abundance from ATD

V-GGGG 186
V-BGGG 187 188 17
V-GBGG 187

V-GGBG 194
V-GGGB 196 197 33
V
V
V
V

V
V
V
V
V

V
V

longest time feature matches the four possible sequences of
the three BMA, one GMA form: GBBB, BGBB, BBGB, and
BBBG. The second longest time peak corresponds to nine
possible sequences: six associated with the two GMA, three
BMA form and three associated with the three GMA, one
BMA form. As seen with the trimers, the theoretical cross-
section for BBBB did not fit any of the experimental peaks.
These results were synthetically significant because the sec-
ond shortest time peak, assigned to GGBG, is the most intense
peak in the ATD and so it must be a dominant product formed
in the synthesis.

The vaso-end tetramer has a slightly different ATD and
peak assignments than the hydrogen-end tetramer. Only three
features are resolvable in the ATD and each feature cor-
responds to more than one sequence. The peak at shortest
time agrees with three different sequences, including GGGG,
BGGG and GBGG. The peak occurring at intermediate time
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
time is made up of the remaining two sequences of the two
GMA, two BMA form (BGGB, GBGB) and three sequences
of the three BMA, one GMA form (with the exception of
BGBB). In this case, theoretical cross-sections for BGBB
and BBBB did not fit any of the experimental peaks.
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-BBGG 196
-BGBG 196
-GBBG 197
-GGBB 198

-BGGB 204
-GBGB 206
-BBBG 208 205 50
-BBGB 208
-GBBB 209

-BGBB 211
-BBBB 218 0
The most intense peak for the vaso-end tetramer i
eak at longest time, which is made up of a combina
f five sequences. For the hydrogen-end tetramer the
bundant sequence is H-GGBG (which is a three GMA,
MA form), but in the case of the vaso-end tetramer the m
bundant sequence(s) consist of two GMA, two BMA an
ne GMA, three BMA forms.

.3. Na+ pentamer

One large irresolvable peak appears in the sod
ydrogen- and vaso-end pentamer ATDs (Fig. 7). Thirty-two
equence possibilities exist, and although the cross-se
f the GGGGG and BBBBB differ by 15%, the other
uences only vary by 1%. Thus, even though multiple
ers (sequences) are undoubtedly present in the pen

he high number of possible sequences and their similar
ross-section outweigh the resolving power of the instrum

Theoretical structures calculated for the pentamer
ne low energy conformation for each sequence. Repr

atives of the lowest energy structures for H-GGGGG
-BBBBB are shown inFig. 8. The cross-sections asso
ted with these extreme cases are given by the arro
ig. 7. One interesting aspect of the pentamer structur

hat the maximum number of oxygen atoms the sodium
inds to is still six (as seen with the tetramer). BBBBB
ve oxygen atoms that are able to coordinate to the so
on and sequences with only one GMA segment and
MA segments have six oxygen atoms, so the sodium
inds to all five or six oxygen atoms. GGGGG, on the o
and, has ten available oxygens (five carbonyl, five ep
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Fig. 7. ATDs for the (a) hydrogen and (b) vaso pentamer obtained at a
drift cell temperature of 115 K for best resolution. One irresolvable feature
is present due to the small cross-section difference in possible pentamer
sequences.

and other pentamers with more than one GMA have more
than six oxygen atoms, so the sodium ion must choose were
to bind. In PMMA [10], the Na+ ion bound to two to three
carbonyl oxygen atoms on each end of the polymer, form-
ing a U shaped structure. However, in the larger BMA/GMA
copolymers, the Na+ ion binds to only one end of the poly-
mer (either the hydrogen/vaso-end or the alkene end) but not
both.

Fig. 8. Lowest energy structures calculated for the hydrogen end pentamer.
Only the GGGGG and BBBBB sequences are illustrated to show the differ-
ence in sodium binding the GMA and BMA segments.

4. Summary

Mass spectrometry, ion mobility and molecular modeling
calculations were used to determine the gas-phase confor-
mations and sequence abundance of sodiated GMA/BMA
copolymers ranging from the trimer to the pentamer. Multi-
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,
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-
mer chain. However, the epoxy oxygens in the GMA units
also bind to the Na+, 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 the Na+ and
extend away from the polymer backbone. As a result, copoly-
mers with more GMA units yield structures with smaller
cross-sections than those with more BMA units. Addition-
ally, copolymers with BMA on the ends cannot fold as tightly
as those with GMA on the ends and hence yield structures
with larger cross-sections. Based on the theoretical structures,
each conformation observed in the ion mobility experiments
could be assigned to a particular GMA/BMA composition
or sequence. Arrival time distributions for the trimer indi-
c nation
o V-
G ons
f ence
i se-
q ding
t ed on
o ent
( ere
t h any
o oreti-
c . The
a oad
i ulti-
p o the
h their
s not
b
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rch,
g

R

63
ate that the most abundant sequences are the combi
f H-BGG and H-GBG for the hydrogen-end group and
BG for the vaso-end group. The arrival time distributi

or the tetramer indicated that the most abundant sequ
s H-GGBG for the hydrogen-end group. There are five
uences for the vaso-end group theoretically correspon

o the most intense peak but these could not be resolv
ur instrument. Sequences consisting of only BMA segm
BBB and BBBB) and BGBB in the vaso-end tetramer w
he only sequences whose cross-sections did not matc
f the experimental values. For all other sequences, the
al and experimental cross-section agreed within 1–2%
rrival time distribution for the pentamer yielded one br

rresolvable peak. This result certainly indicates that m
le conformations of the pentamer exist. However, due t
igh number of possible sequences for the pentamer and
imilarity in cross-section, specific conformations could
e assigned to specific sequences.
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