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ABSTRACT: Hyperbranched poly(ether ketone)s (PEK’s) were synthesizedsvtaBy polymerization approach
without forming cross-linked products, because the polymer-forming process based on-Reiedtd reaction

was kinetically controlled by the solubility difference of monomers in the viscous hydrophilic reaction medium,
poly(phosphoric acid) (PPA)/phosphorus pentoxidgdgp. The hydrophilic trimesic acid as ansAnonomer is

soluble in the reaction medium, while hydrophobic diphenyl ether and 1,4-diphenoxybenzenenasd@ners

are marginally soluble. It is hypothesized that the gelation was avoided because of the following two factors: (i)
self-regulated feeding of the arylether monomers into the system driven by their poor solubility and phase separation
from PPA/ROs medium; (ii) reaction-medium-induced isolation of growing macromolecules promoted by the
high bulk viscosity. Both polymerization experiments based on equimolar or equifunctional stoichiomgtry (A
B,) resulted in completely soluble hyperbranched PEK'’s in polar aprotic solvents when these polymers contained
a little amount of solvent residues and only in strong acids if they were rigorously dried. The structural analysis
by using MALDI-TOF mass spectroscopy in the low molar mass region provided further confirmation that
there was no trace of networks; various sizes of cyclics were detected instead.

Introduction reaction mixture§.However, insoluble gels were still produced

in some cases, depending upon the concentration used and
monomer structures. Another way is the slow addition of a
diluted monomer solution to the reaction mixture containing
the co-monomer at relatively lower concentration and reaction
temperaturé. At higher reaction temperatures, when simulta-
neous addition of monomers, and higher monomers concentra-
tion were applied, the polymerization often resulted in gelation.
The A, + BB'; polymerization is an interesting but viable
modification to the alternative approach. The rapid reaction
OIbetween A and B leads to the in situ formation of 'AB/pe
monomer before the addition of suitable polymerization pro-
motor/catalysE In this case, no gelation is observed during the
polymerization, but the availability of either monomer is limited.

Hyperbranched polymers (HBP’s) are an important class of
dendritic macromolecules, which could be synthesized by one-
pot polymerization processes. Unlike the dendrimers that have
precisely controlled structures and unique properties, HBP’s are
polydisperse and randomly branched. However, their attractive
properties, such as low viscosity, good solubility, and multi-
functionality, combined with the ease of their preparations, make
them ideally suitable for specific industrial applicatid#sOn
the other hand, a drawback from the viewpoint of raw material
cost is that most hyperbranched polymers have been produce
from specially designed ABx = 2) monomers, whose synthetic
sequences generally involve multiple steps, albeit a few were
prepared from commercial ABnonomers. From this perspec- ) ] )
tive, HBP's generated from commercially availablg #d B In this paper, we describe the discovery of a new self-
or A; and B would be more likely to be considered in the controlled polycondensation methodology to prepare ether
material selection processes for commercial and military ap- ketone-based HBP's directly from commercially available A
plications. The key issue, nevertheless, in this alternative @nd B monomers without the problem of gelation. In such
approach to HBP’s iS hOW to avoid gelation during polymeri_ SyStem, one monomer |S SO|Ub|e We” |n the medlum Wh||e the
zation processes. Although various HBP’s have been synthesizedPther monomer is poorly soluble, reacting very slowly in the
from Az and B monomergl, this approach has an inherent polymer-forming process. The critical Component of this System
difficulty in controlling the polycondensation reaction with IS & special reaction medium that would promote complete phase
respect to the premature gelation as predicted in Carother’'s andseParation of the co-monomers. One such reaction medium,
statistical mechanics equatiohsyut several techniques to Optimized PPA/BOs mixture, has been established for the
circumvent this prob|em have been described. The easiest Wa)ﬁlectrophilic substitution reaction to y|e|d h|gh molecular Welght
is to design stoichiometrically off-balanced systems that are setlinear poly(ether ketone)s (PEK'8)it was even applicable in

for the conversion not to approach theoretical limit using diluted the arylcarbonylation of electron deficient substrates such as
Cs0, multiwalled carbon nanotubes (MWNT’s) and vapor-grown

carbon nanofibers (VGCNF'g.
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Figure 1. (a) Schematic representation of different solubility of monomers at reaction temperature: trimesic acid as a hydrophilic monomer was
blended in the hydrophilic reaction medium and diphenyl ethers as hydrophobic monomers were isolated from the medium. (b) Digital photograph
of hyperbranched PEKb obtained after full conversion. Ether monomer was completely digested and the mixture was homogeneous and highly

viscous.

trimesic acid and the growing macromolecules. It has resulted high torque mechanical stirrer and nitrogen inlet and outlet, and a
in soluble HBP at high conversion and without forming any side opening for additions was charged poly(phosphoric acid) (PPA,
insoluble gels. Potentially, this technique can be a unique way 60 9). Then a mixture of the monomers, trimesic acid (2.10 g, 10

to silmutaneously control molecular weight and prevent gelation. MMol) and 1,4-diphenoxybenzene (2.62 g, 10 mmol), was placed
y 9 P 9 in the flask. The mixture was stirred at 70 for 12 h to assess the

solubility of monomers. While some undissolved crystals of trimesic
acid were still visible in the PPA, 1,4-diphenoxybenzene had melted,

Materials. Trimesic acid, 1,4-diphenoxybenzene, diphenyl ether, phase-separated, and was floating on top of the reaction mixture.
polyphosphoric acid (PPAy83%), and phosphorus pentoxide were  Then, BOs (15 g) was added in one portion, well mixed, and heated
purchased from Aldrich Co., Ltd. Trimesic acid was recrystallized to 130°C. After 24 h, the mixture became homogeneous and stuck
from water to give white crystals (mpr 350 °C) and 1,4- to the stirring rod. After a cooldown period, water was added to
diphenoxybenzene was recrystallized from heptane to give white the reaction mixture, which was then warmed up and kept at 60
flakes (mp 72.3-74.2°C). All electrophilic substitution syntheses 70 °C overnight under a nitrogen atmosphere. The resulting pink
of hyperbranched PEK’s were performed in PPAPas reported. solids were isolated, collected by suction filtration, and washed with

Instrumentation. Infrared (IR) spectra were recorded on Jasco 5% hydrochloric acid and a large amount of water. The isolated
FT—IR 480 Plus spectrophotometer. Solid samples were imbeddedpolymer was further Soxhlet-extracted with water for 2 days,
in KBr disks. Elemental analyses were performed by system supportmethanol for 2 days, and finally dried under reduced pressure (0.05
at CBNU with a CE Instruments EA1110. Melting points (mp) were mmHg) at 100°C for 150 h to give 3.30 g (76% vyield) of pink
measured using a Mel-Temp melting point apparatus and are powder (a): [5] = 0.36 dL/g (0.5% solution in MSA at 30.&
uncorrected. Intrinsic viscosities were determined with Cannon 0.1 °C). Anal. Calcd for G;H160s C, 74.31; H, 3.70; O, 22.00.
Ubbelohde No. 200 viscometers. The solutions were filtered through Found: C, 74.19; H, 4.25; O, 20.04.
a 0.45um syringe filter prior to the measurement. Flow times were ~ The same polymerization experiment was also performed with
recorded for methanesulfonic acid (MSA) solutions with polymer stoichiometric balance of functional groups. Thus, trimesic acid
concentrations of approximately 6:8.25 g/dL at 30.Gt 0.1 °C. (2.10 g, 10 mmol) and 1,4-diphenoxybenzene (3.93 g, 15 mmol)
Differential scanning calorimetry (DSC) was performed under the were reacted, and the same workup procedurédavas carefully
nitrogen atmosphere with ramping rate of M/min using a TA followed to give 2.6 g (88% yield) of pink powdetlf): [#] =
Instruments model MDSC2910. The thermograms were obtained 0.38 dL/g (0.5% solution in MSA at 30.& 0.1 °C). Anal. Calcd
on powder samples after they had been heated t®G0énd air- for CogdH17.6056C, 76.32; H, 3.91; O, 19.77. Found: C, 74.70; H,
cooled to ambient temperature. Glass transition temperaflys$ ( 4.15; O, 19.90.
were taken as the mid of the baseline shift. Thermogravimetric ~ Polymerization of Trimesic Acid (A3) + Diphenyl Ether (B,)
analysis (TGA) was conducted in nitrogen and air atmospheres with (2a and 2b). The polymerizations were performed following the
a heating rate of 10C/min using a TA Instruments SDT 2960 same procedure as described faa and 1b, respectively. The
thermogravimetric analyzer. The field emission scanning electron resultant polymer was Soxhlet-extracted with water for 2 days,
microscopy (FESEM) used in this work was LEO 1530FE. A methanol for 2 days, and finally dried under reduced pressure (0.05
Shimadzu MALDI time-of-fight (TOF) mass spectrometer was mmHg) at 100°C for 150 h to give 5.30 g (77% vyield) of pink
employed to determine masses using a linear mode. Dithranol powder @a): [5] = 0.51 dL/g (0.5% solution in MSA at 30.&
(1,8,9-trihydroxyanthracene) and silver trifluoroacetate were used 0.1 °C). Anal. Calcd for GH;1,03 C, 73.25; H, 3.51; O, 23.23.
as the UV-absorbing matrix and cationizing salt, respectively. Found: C, 76.61; H, 4.36; O, 17.94.

Polymerization of Trimesic Acid (Az) + 1,4-Diphenoxyben- Following the same procedure, the polymerization was also
zene (B) (la and 1b).Into a 250 mL resin flask equipped with a  carried out with stoichiometric balance of functional groups. T%V

Experimental Section
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Scheme 1. Polymerizations of PEKS Scheme 2. Schematic Representation of Hydrogen Bonding
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trimesic acid (2.10 g, 10 mmol) and diphenyl ether (2.55 g, 15 S

mmol) were reacted, followed by the workup using same procedure
as described fofla to give 1.85 g (83% vyield) of pink powder  whole dope also stuck to the stirring rod. All isolated polymer

<< x

(2b): [#] = 0.20 dL/g (0.5% solution in MSA at 30.& 0.1°C). samples were subjected to elemental analysis to confirm the
Anal. Caled for G dH12604.4 C, 75.70; H, 3.76; O, 20.54. Found:  compositions of hyperbranched PEK’s. Sampldsand 2b
C, 78.19; H, 4.19; O, 17.21. obtained from equifunctional stoichiometric balance had higher

yields thanla and2aafter the similar workup procedure, which
involved Soxhlet extraction with water for 2 days and methanol

Polymerizations. Friedel-Crafts acylation reaction for the for 2 days to get rid of residual PPA, trimesic acid, ether
polycondensation of Aand B monomers were carried out monomers, low molecular weight oligomers, etc. The higher
following the reported optimized proceduteAll reactions yields from samplelb and 2b are most probably due to the
between trimesic acid (& and corresponding ether {B higher conversion driven by the stoichiometric balance of
monomers were conducted at 13Din commercial PPA (83%  functional groups.

Results and Discussion

assay) with 25 wt % of #Os relative amount to the PPA. Solution Properties. The resulting polymers were soluble
Corresponding sets of hyperbranched PEKasand1b, 2aand in most of polar aprotic solvents such Bg\-dimethylforma-
2b were prepared in fixed concentration o6 wt % of total mide (DMF),N,N-dimethylacetamide (DMAc), methyl sulfoxide

monomer content, which are relative to the amount of PPA used (DMSO), andN-methyl-2-pyrrolidinone (NMP) when they were
(see Scheme £)The HBP’slaand2awere prepared from the  not rigorously dried. For example, when residual water content
stoichiometric balance (equimolar ratio) of monomers. The was more than 5 wt % by TGA, the polymers were soluble and
HBP’s 1b and2b were prepared from the stoichiometric balance there were no insoluble gels in the solutions. All samples were
(equifunctional ratio) of functional groups. As reaction pro- also partially soluble in acetone when they were containing a
ceeded, interesting color and phase changes were monitored withittle amount of residual water. Once the samples had been
respect to reaction time and temperature for all systems. Whensubjected to rigorous drying, all samples became much less
the reaction temperature was belowT® the color of mixture  soluble in common polar aprotic solvents, but they were still
was gray and its texture was heterogeneous. When it wassoluble well in strong acids such as trifluoroacetic acid (TFAA),
approaching 130°C, the color of mixture turned to pink  sulfuric acid, methanesulfonic acid (MSA), and trifluoromethane-
indicating that the acylium ionr{C*=0) was being generated  sulfonic acid (TFMSA). The reason why the samples display
to promote a FriedelCrafts reaction, but the mixture was still  |imited solubility in common polar aprotic solvents upon
heterogeneous at this early stage. Because of the hydrophiliccomplete dryness while still showing good solubility in strong
nature of trimesic acid, it was gradually blended into the acids is due to the formation of strong intramolecular and
hydrophilic PPA medium at 138C. The bulk (bottom part) of  intermolecular hydrogen bonding originated from a large number
reaction mixture, where trimesic acid had dissolved in PPA, of periphery carboxylic acid groups as shown in Scheme 2.
became homogeneous after 2 h, while the molten phenyl etherSimilar solubility/solution behavior was also reported for
monomer was phase-separated from the rest of the reactiorydroxyl-terminated hyperbranched polyphenylquinoxatirie.
mixture as depicted in Figure la. The clear liquid floated on s also noteworthy that the polyelectrolyte behaviors of polar
the top surface of the reaction mixture because of the hydro- group terminated HBP's as a function of their concentrations
phobicity and lower density of ether monomer compared to the in MSA was monitored during viscosity measurements. All
reaction mixture. For bottha and1b, the color of the reaction  solutions displayed polyelectrolyte effects. As the concentration
mixture became red aft® h at 130°C. After stirring for 24 h ~ decreased, both reduced and inherent viscosities increased
at 130°C, the color of reaction mixture changed to deep red drastically (see Figure 2 for a representative result). We expect
and the immiscible upper phase was almost digested and thethat in a strong acid such as MSA, all carboxylic acid terminated
reaction mixture became completely homogeneous with drastic PEK’s become polyelectrolytes due to the protonation of the
increase in the bulk viscosity (Figure 1b). As a result, the entire relatively less acidic carboxylic acid groups, which act as
polymerization dope became stuck to the stirring rod. To sum conjugate bases to MSA (Scheme 3). Upon further dilution,
up, our observation clearly indicated that the phenyl ether these hyperbranched polyelectrolyte macromolecules stretch out
monomer was slowly mixing into the reaction mixture and and expand their hydrodynamic volumes, resulting in the
engaged in the polymer-forming process via Friedetafts observed viscosity increase. Because of the polyelectrolyte
acylation in the bulk of PPAA®Ds medium. effect, it was difficult to determine intrinsic viscosity via
For the2aand2b, the color of the mixture became red after multipoints (five points) measurement. The values presented in
3 h at 130°C. The color changed to deep red, and the two Table 1 were obtained by initial two-point extrapolation to the
initially immiscible phases collapsed into a single phase after origin. It should be noted that this extrapolation might have
12 h with rapid increase in mixture viscosity resulting in the overestimated the values for these hyperbranched P%ﬂ/
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Figure 2. Viscosity vs concentration curves fdra. Due to the
polyelectrolyte effect in strong acid MSA solution, solution viscosity
increased as the concentration decreased.
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Figure 3. DSC thermograms for hyperbranched PEK'’s with heating
and cooling rates of 10C/min.

Scheme 3. Polyelectrolyte Behavior of Hyperbranched PEK 110
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Table 1. Molar Feed Ratio of Monomers, Intrinsic Viscosities, and
Elemental Analysis Obtained from Resultant HBP's 90 -
elemental analysis 80 1
As B, [n]a g 70 4
sample (mol) (mol) (dL/g) C®%) H(%) O (%) o 60 1
la 1 1 0.36 caled 74.31 3.70 22.00 .g 50 4
found 75.83 4.05 18.20 2 40 1a
1b 1 15 0.38 caled 7325 351 23.23 S 1b
found 76.59 4.03  17.82 30 1
2a 1 1 051 caled 7632 391 19.73 20 2a
found 74.70 4.15 19.90 ———= 2h
2b 1 15 020 caled 7570 376  20.54 10 1
found 78.19 4.19 17.21 0 T T T T T T T
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a|ntrinsic viscosity (MSA at 3Gt 0.1 °C) determined by the extrapola-
tion of two concentration points at 0.25 and 0.5 g/dL.

Furthermore,1a and 2a seemed to have greater differences
between the true and extrapolated valueslfband2abecause

of more extensive hydrogen bonding with their greater numbers The Ty of hyperbranched PEKD ([#] =

of terminal carboxylic groups thahb and2b. This point will

Temperature (°C)
Figure 4. TGA thermograms for hyperbranched PEK’s with heating
rate of 10°C/min.

0.38 dL/g), which has
the similar inner structural unit aka but with different com-

be further discussed in conjunction with thermal analysis data position of the periphery groups, was shifted higher to 330

below.
Thermal Properties. The DSC samples in powder form were

The hyperbranched PEK samf@a([#] = 0.51 dL/g) exhibited
Ty at 262°C (Figure 3). Thelg of hyperbranched PERbD ([#]

subjected to two cycles of heating from room temperature to = 0.20 dL/g), which also has the similar interior structural unit
360 °C and then cooling to 20C with the same ramping rate  as2abut with different composition, was also shifted to 3@

of 10 °C/min. TheTy value was taken as the midpoint of the The systems displayed two unexpected thermal behaviors. One
maximum baseline shift from each run. The hyperbranched PEK is thatTy's of 1a and1b were expected to be lower than those
samplela ([y7] = 0.36 dL/g) exhibitedry at 279°C (Figure 3). of 2a and2b, since the formers have additional flexible etr&ﬁr)v
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Table 2. Thermal Analysis Data for Hyperbranched PEK’s that theirTy could still be largely determined by their molecular
TGA weights. With respect to the solution properties of samples, the
in air in nitrogen wsco_sny values were taken from the two-point methc_>d in MSA
- ; solutions that displayed the polyelectrolyte behaviors of all
g Tose Toste samples, and thus, the values might not correspond to the true
sample (°C) (°C) charat800C (%) (°C) charat800C (%) ples, ’ . 9 p .
values of molecular weights of samples. The viscosity values
la 279 419 0.2 405 52 .
b 330 419 0.2 412 57 of the samples would be greatly depending upon the number
2a 262 432 0.8 468 60 of carboxylic acids at the periphery of hyperbranched macro-
2b 307 432 0.4 513 62 molecules, because the hydrodynamic volumes of samgles

aGlass transition temperatur@y determined by DSC with a ramping ~ and2ain MSA solutions would be larger than thoseldf and
rate of 10°C/min. ® Temperature at which 5% weight loss occurred on TGA  2b. Theoretically, the higher number of carboxylic acids should
thermogram obtained with a ramping rate of T¥Ymin. present in the sampldsand2a. As a result, the larger number
of intermolecular hydrogen bonds would be formed in MSA
solutions resulting in more extended molecules and thus, higher
Viscosity.

linkage. Possible explanation would be due to the flexibility of
molecule that provided the mobility for better formation of
hydrogen bonding. Additional flexibility in the structural unit o o
of the 1a and 1b could be the origin of stronger molecular The thermoomdat_lve thermal stab|I|t|e_s of the hypert_aranched
packing driven by intra- and intermolecular hydrogen bonding PEK'S were determined by thermogravimetric analysis (TGA)
formed by the large number of periphery carboxylic acids. On the powder samples in air and in nitrogen, respectively. The
Furthermore, the more flexible .Bmonomer used in these results are depicted in Figure 4. In general, these hyperbranched
reactions could have led to more cyclic structures formed within PEK’s are thermally stable as indicated by the fact that the
the polymer, resulting in higher degree of overall rigidity, and temperatures at which a 5% weight loss occurred are in the range
in turn, a highefT,. Another explanation is that thy’s of 1a of 419-432°C in air and 405-513°C in nitrogen (see Table
and2awere also expected to be lower than thosééand?2b, 2). Additionally, it is noteworthy that the samplgéa and1b as
since the former hyperbranched PEK’s have statistically larger well as2a and2b displayed identical 5% weight loss temper-
number of terminal carboxylic acids. The molecular weights of atures in air at 419 and 43Z, respectively. Although the

1b and2b were expected to be higher than thosd.afind2a, number of the periphery groups such as carboxylic acid and
because they were prepared from equifunctional balance of A phenyl could be varied depending upon the monomer feed ratio
and B monomers. Although the viscosity data do not agree for each set of samples, the inner structural units would be very
with the expected molecular weights 16 and2b, we believe similar for each set. As a result, the degradation starts almost

Scheme 4. Proposed Basic Structures of Hyperbranched PEK la
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Table 3. MALDI —TOF Analysis for Hyperbranched PEK la

c1B
entry X y calecd (m/z)  found (m/z)
Cc2B LB 1T 1T 454.4 NB
c2B LB 2T 1L 646.6 ND
- LB 1L 2T 698.7 ND
=]
pr 5B C3B 2D 2L1L" or 1L2L 839.0 838.9
- 5B caB C2B  1D1L 1L 856.0 855.4
= LB+Na C3Blc1B C1B  1DIT 2L 873.0 873.4
b4 C4B LB 1L1T 1L1T 890.9 ND
8 l B LB 1D1T+Na 2L 896.9 897.4
£ LRI A ; LB 1D 3T 943.0 ND
900 1000 1100 1400 C4B 2D 2L1L" 1066.2 1065.7
C3B 2D 1L 1083.2 1082.9
C2B 2D 3L 1100.2 1100.2
ClB 1DIL 2L1T 1117.2 1117.8
i itz Mmoot LB 1D1T 2T 1135.2 ND
1000 1500 2000 2500 3000 3500 4000 4500 C6B 2D 212l 1275.4 1275.2
C5B 2D 3L1L 1292.4 1292.3
m/z C4B 2D 3L1L 1310.4 1310.1
Figure 5. MALDI —TOF mass spectrum of the hyperbranched PEK C3B 2D 4L 1328.4 1328.5
1b prepared from equifunctional monomers feed. The detailed peak C2B 2D 3L1T 1345.4 1345.1
assignments are summarized in Table 3. CiB 1D1L 2L2T 1362.4 1362.1
h he 59 oy . LB 1D1L 1L3T 1379.4 ND
at the same temperature. The 5%-weight-loss temperatures in .., 3LoL" 1502.7 1502.4
nitrogen also followed the same trend. For the sampéeand C6B 2D R 1519.7 1519.2
1b, it occurred at 405 and 41ZC with char yields of 52 and C5B 2D 4111 1536.7 1536.7
57% at 800°C, respectively. The sampl@a and2b had it at c4B 2D 5L 1554.7 1554.4
468 and 513°C with char yields of 60 and 62% at 80C. s 2 gl P 12696
Although the difference in the degradation temperatures between 75 5p oLaT 1605.7 ND
1b and2b, which were prepared with equifunctional monomer | g 2D 1L4T 1623.7 ND
fe_ed ratios, was only 13C in air, it was as high as 101: in 68 3D 3oL 1711.9 1712.0
nitrogen. This is rather surprising, although the disparity could csg 3D AL1L" 1728.9 1729.0
suggest that the stability of carboxylic acids2ibis somewhat C4B 3D 4L1L 1746.9 1746.7
better than those itb. C3B 3D sL 1762.9 1763.0
Matrix-Assisted Laser Desorption lonization-Time-of- €28 3D Bl 1780.9 1781.0
. C1B  2DIT 3L27 1797.9 ND
Flight (MALDI —TOF) Study. The hyperbranched polymers | 2D1T 2L3T 1815.9 ND
are _structurally_ cl(;mposed of dendritic (D), linear (L), and CaB 4D aL1L” 1939.0 1939.1
terminal (T) unitst* Here, MALDI-TOF mass spectroscopy  c3g  3D1L AL1L 1956.0 1955.6
was employed to characterize the compositions and structures c2B 2D2L 5L 1973.0 1973.1
of the low molecular weight hyperbranched PEK4000 Da CiB  2D1L1T ALLT 1991.0 1991.2
oligomers) produced by the PPA-promoted electrophilic sub- LB 2D2T L2t 2008.0 ND
stitution reaction of A and B monomers. Careful study on 2ND = not detected.

MALDI —TOF analysis would potentially provide useful infor-

mation to trace mechanistic pathway of hyperbranched polymer one B monomer as terminal (1T) and anotherBonomer as
formation via A + B, approach. The MALD+TOF mass linear unit (1L, two functional groups are reacted) are involved
spectrum of the hyperbranched polyney which was prepared  in the CIB structure. Here, the number 1 is a cycle in the
from equimolar monomer feed ratio (50 mol % excess of A structure indicating an intramolecular condensation occurred
functionality), and thus carboxylic acids are considered to be with loss of a water molecule as a byproduct.

major surface groups, containing a series of equidistant peaks From Figure 5 and Table 3, it is noteworthy that there is no

(Figure 5). For the easy understanding of peak assignment, g\ mer detected up vz 2200 for LB(2D3T-4L1T). Low
various peaks are grouped into two basic structures. The one is

i N
a family of linear branched (LB) structures and the other is that molar mass molecules Ies_s thEmz_ZZOO consist of all B
of cyclic branched (GB) structures. The letterN’ is the structures. The structures in the first group of peak series are

number of cycle(s). Combining these basic two structural the hlghest_ peak intensity awz 873, 855, 839,’and 897
families with the three symbols of dendritic (D), linear (L), and corresp'onqlng to !IB(lDlT—Z'I'_), CZB(lD_lL_lLlL ) .CSB-
terminal (T) units and the number of monomer units incorpo- (2D—IL'1L") or C3B(2D—1L1L"), and sodium-containing LB-
rated into the structures, detailed peak assignment from MALDI ~ (LL1T—IL1T) + Nain that order. We could draw two important
TOF spectrum would be possible. In the case of two monomers POINts from the MALDF-TOF result. First, the hydrophobic

As + By polymerized, a few basic polymer structures are ©ther monomer (B is indeed very slowly fed into the reaction
postulated in Scheme 4, and the structural assignments frommedium and reacts with trimesic acidf/Anonomer. With time
MALDI spectrum and the combination values are summarized Passed and during the confinement by the viscous PPA solvent
in Table 3. In the symbol “LB(1D-3T)" in Scheme 4, 1D Molecules, the large excess of A-functional groups attacks the
indicates one trimesic acid ghas a dendritic unit (1D, all three ~ B-functional (focal) group to form the cyclic structure 18
A-functional groups react) and three 1,4-diphenoxybenzengs (B (1D1T—2L). Some of existing A-functional groups in the B

as terminal units (3T, only one end-functional group is reacted) (1D1T—2L) molecule are further attacked by any of the
are incorporated into the LB structure. The symbolBT1D- available reactive Bfunctional sites such as ortho positions to
1L1T)” stands for one Amonomer as dendritic unit (1D) plus  the ether linkage forming ZB(1D1L—1L1L") and GB(2D— CDV
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