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ABSTRACT

Statistical copolymers of 2-vinylpyridine (VP) with 2-diethyl amino ethyl
methacrylate (DEAEMA), di (ethylene glycol) methyl ether methacrylate
(DEGMA), and 2-butoxyethyl methacrylate (BUOEMA) were prepared by
freeradical copolymerization. Thereactivity ratios of every set of monomers
were estimated using the Finemann-Ross, theinverted Finemann-Ross and
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the Kelen-Tidos graphical methods. Structural parameters of the
copolymers were obtained by calculating the dyad monomer sequence
fractions and the mean sequence length. The effect of the chemical nature
of the methacrylates on the copolymerization characteristics is discussed.
The glass-transition temperature (Tg) values of the VP copolymers with
DEAEMA, DEGMA, and BUOEM A were measured and examined by means
of several theoretical equations, allowing for the prediction of these T,

values. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Functiona polymersimpact many aspectsof poly-
mer science and technol ogy!™. These macromol ecules
contain functiona groupsthat have polarity or reactiv-
ity differencesfrom backbone chains. Such polymers
often show unusua or improved propertiesby virtue of
enhancement in phase separation, reactivity or asso-
ciation. When theformation or dissociation of self-as-
sembliesistriggered by chemicd or physica stimuli so
caled “smart” materials can be obtained!?.

Functiona polymersareproduced either by chemi-
ca modification of preformed nonfunctiona polymers
or by direct copolymerization of thefunctional mono-
merswith desired physicochemical properties'a3. In
thisrespect, radical copolymerization of vinyl mono-

mersisvery important in determining their structure-
property relationship.

Copolymerization isthemost successful and pow-
erful method for effecting systematic changesin poly-
mer properties¥. Theincorporation of two different
monomers, with diverse physical and/or chemicd prop-
erties, inthesamepolymer moleculein varying propor-
tionsleadsto theformation of new materia swith great
scientific and commercia importance®. Thechemical
composition of the copolymers dependsonthe degree
of incorporation of the comonomersand therelative
reactivity between them. Monomer reactivity ratiosare
very important parametersfor the elucidation of co-
polymer structure (copolymer compasition, monomer
sequencedistribution) and kinetics (propagation rate
coefficients)®. Theducidation of copolymer structure
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(copolymer composition, monomer sequencedistribu-
tion) and kinetics (propagation rate coefficients) arethe
magjor concernsfor the prediction of copolymer prop-
ertiesand the correl ation between structure and prop-
erties.

Copolymerization modul atesboth theintramol ecu-
lar andintermol ecular forcesacting on likeand unlike
polymer segmentsand consequently propertiessuch as
glasstrangition temperature, melting point, solubility,
crystallinity, permeability, dyeability, adhesion, elastic-
ity and chemical reactivity may vary significantlyt”.

Among the various copol ymerization reactions,
radical copolymerizationisthemost important sinceit
doesnot demand rigorousexperimenta conditionsand
can beappliedto alargevariety of monomers, leading
to theformation of new materia s8.

In our continuing effort to explorethe structure-
property rel ationship exhibited by vinyl monomers?,in
the present study wefocusontheradical copolymer-
izationof 2-vinylpyridine(V P) with 2-diethyl aminoethyl
methacrylate (DEAEMA), di (ethyleneglycol) methyl
ether methacrylate (DEGMA), and 2-butoxyethyl meth-
acrylate(BUOEMA). Poly (2-diethyl amino ethyl meth-
acrylate) (PDEAEMA) isinsolublein agueous sol u-
tionsat neutrd pH. However, it readily dissolvesinacidic
solutionsdueto protonation of thetertiary amineresi-
dues (pKa=6.9)*°, Poly[di (ethyleneglycol) methyl
ether methacrylate] (PDEGMA) iswater solubleand
thermoresponsive, with alower critica solution tem-
perature, LCST, equal to 26°CI*Y. The LCST can be
modul ated by copolymerizationwith other oligo (ethyl-
eneglycol) methacrylates. Findly, poly (2-butoxyethyl
methacrylate) (PBUOEMA) isnot water solubledueto
thereplacement of one of the oxygen atomsof the ester
group with a hydrocarbon moiety. Therefore, these
copolymers can be considered as stimuli-responsive
polymers, since their properties can betriggered by
changesintemperatureand pH in aqueous solutions.

EXPERIMENTAL SECTION

Materials

All manipulations were performed using high-
vacuum techniques. VP and all three methacrylates:
DEAEMA, DEGMA and BUOEMA were purchased
fromAldrich. Themonomerswerevacuum-didtilledfrom
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cacium hydrideinthevacuum line, in order to remove
antioxidant inhibitorsand humidity and werestored un-
der vacuum at -20°C until polymerization. 2,2’-
Azobisisobutyronitrile, AIBN, was purchased from
Aldrich. It wasrecrystalized twicefrom methanal, fil -
tered and dried under vacuum.

Copolymerization studies

In order to study the copolymerization of VP with
DEAEMA, DEGMA and BUOEMA aset of fiveex-
perimentswas conducted for each monomer pair (VP-
DEAEMA, VP-DEGMA, VP-BUOEMA). Different
feed ratioswere employed each time (monomer molar
ratios: 20/80, 40/60, 50/50, 60/40 and 80/20), and the
copolymerization reactions were quenched at low
(<10%) yields. The copolymerization procedurewas
monitored by sizeexcdus on chromatography, SEC, and
UV spectroscopy. Theexperimental resultswere pro-
cessed on the basis of the Finemann-Ross (FR), In-
verted Finemann-Ross (IFR) and Kelen-Tiidos (KL)
equations.

Copolymerization of VP with DEAEMA or
DEGMA

The copolymerization reactionswere performedin
glassreactorsin bulk. AIBN in the concentration of
0.1% wt wastheinitiator. Themixtureswere degassed
under high vacuum using threefreeze-thaw cyclesand
thereactorswereflame-sed ed. The copolymerizations
were conducted at 50°C for 6hr. The copolymerswere
precipitated in methanal, | eft at -20°C overnight for com-
plete precipitation, filtered, dried, redissolvedin chlo-
roform and reprecipitated in methanol oncemore. The
same procedurewas repeated as many times as neces-
sary inorder toremoveall remaining quantitiesof VP,
DEAEMA or DEGMA that were not copolymerized,
sincethesemonomersare solublein methanal. Findly,
the copolymersweredried overnight inavacuum oven.

Copolymerization of VPwith BUOEMA

Thecopolymerizationswereperformedinglassre-
actorsin bulk, with AIBN intheconcentration of 0.1%
wt astheinitiator, asaready described above. The so-
|utionswere degassed under high vacuum using three
freeze-thaw cyclesand thereactorswereflame-sed ed.
Inthis case, the copolymerizations were conducted at
50°Cfor threehours. Findly, the copolymer dongwith
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themonomer excesswas precipitated in heptanes, dried
and dissolved againinfew mLsof tetrahydrofuran. The
excessof VPand BUOEMA wasremoved by continu-
ous preci pitationsin heptanes and the pure copolymers
werefindly dried inavacuumoven overnight.
Characterization techniques

SizeExcdus on Chromatography (SEC) experiments
werecarried out at 40°C using amodular instrument
congi sting of aWatersmodel 510 pump, U6K sample
injector, 401 refractometer, 486 UV spectrophotom-
eter, and aset of five p-Styragel columns with a con-
tinuousporosity rangefrom 500to 10° A. The columns
were housed in an oven thermostatted at 40°C. CHCI,
wasthecarrier solvent at aflow rateof 1 mL/min. The
system was calibrated with nine PS standards having
molecular weightsin therange of 970-600,000.

The copolymer compositionswere determined by
UV andysisusing aL.ambda 650 Perkin Elmer model
UV-Vis spectrophotometer. A calibration curve was
constructed using aPV P sample prepared by anionic
polymerization (M, =35,000,M /M =1.03) and mea-
suring the absorbance at 252 nm.

Theglass-trangtion temperatureswere obtained by
differential scanning calorimetry (DSC) usinga2910
modulated DSC model from TA instruments. The
sampleswere heated or cooled at arate of 10°C/min.
The second heating resultswere obtained in al cases.

RESULTSAND DISCUSSION

Satistical copolymers of VP with DEAEMA,
DEGMA, and BUOEMA

Thefreeradicd copolymerization of VPwithfunc-
tiona methacrylateswas conducted usngAIBN asthe
initiator (Scheme 1). The copolymerizationswere con-
ducted in bulk and the conversion was, in all cases,
lower than 10%, satisfying the differential copolymer-
Ization equation. Thecopolymerswith DEAEMA and
DEGMA were purified by repeated precipitationsin
methanol, whereall three monomers, VP, DEAEMA
and DEGMA aresoluble. On the other hand, the co-
polymerswith BUOEMA, were purified by repeated
precipitationsin heptanes. Themolecular characteris-
ticsof thesamplesaregivenin TABLE 1. Themolecu-
lar weightswere measured by SEC using acalibration
curve congtructed by polystyrene standards. UV analy-
sisat 252 nm, whereonly PV P hasan absorbance band,
was empl oyed to measure the composition of the co-
polymers. Different copolymersare symbolized by the
variousfeed molar ratiosof themonomers, eg. sample
VP-DEAEMA 20/80 indicates the PV P-co-
PDEAEMA copolymer for thesynthesisof which 20%
VP and 80% DEAEMA was employed asthe molar
feed composition.

X H,C— c N=N— C CH3 J\
N
SN
AIBN
60°C
CH,CH,
CH,CH N/ DEAEMA
3 2 \
CH,CH,
R: -CH,CH,0CH,CH,0CHj DEGMA
-CH,CH,0OCH,CH,CH,CHj BUOEMA

Scheme 1: Synthesisof thestatistical copolymers

Monomer reactivity ratiosand statistical analy-
sisof the copolymers

The monomer reactivity ratios were determined
using the Finemann-Ross (FR)!2, the inverted

Macromolecules

Finemann-Ross (IFR)*? and the Kelen-Tiidos (KT)*
graphica methods. According to the Finemann-Ross
method, themonomer reactivity ratios can be obtained
by the equation:
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G=Hr, -, @)

where, A refers to the comonomers DEAEMA,
DEGMA or BUOEMA andthereactivity retios, r, ,and
r, correspondtotheVPand DEGMA, DEAEMA or

BUOEMA monomers, respectively.

The parameters G and H aredefined asfollows:
G=X (Y-1)/Y and H=X2Y @)
withX=M /M, and Y=dMJfdM ®)

M, ,and M , arethemonomer molar compositionsin
feedand dM,,,and dM , the copol ymer molar compo-
gtions.

Theinverted Finemann-Rossmethod isbased on
theequation:

G/H=r,~(UH)r, )
Theplotsof the G versusH valuesand the G/H versus
1/H vauesyiddthereactivity ratiosr, , andr, fromthe
intercept and the d ope of the graphs.

Alternatively thereactivity ratios can be obtained
usingtheKelen-Tiidos method which is based on the
equation:
n=(r .+ Jo)ér, la (5)
wheren and & arefunctionsof the parametersG and H:
1=G/(a+H) and &=H/(a+H) (6)
and o aconstant whichisequal to(H __H )", H__,
H_. beingthemaximum and theminimum H values,
respectively from the seriesof measurements. Fromthe
linear plot of n asafunction of & thevauesof n for &=0
and &=1 areused to calcul ate thereactivity ratios ac-
cordingtotheequations:

E=0=>n=-r Joand &=1=>n-=r @)
The copolymerization datafor dl sysemsareprovided
inTABLE 2. Thegraphical plotsconcerning themeth-
odsprevioudy reported aregivenin Hgures 1-3, whereas
thereactivity ratiosaresummarizedinTABLE 3.

Theplotswerelinear indl casesand for al graphi-
ca methods, thusindicating that these copolymeriza-
tionsfollow theconventiona copolymerization kinetics
and that the reactivity of apolymer radical is deter-
mined only by thetermina monomer unit.

Accordingtothedataobtaned by theKeen-Tiidos
method, r, ,=0.95andr__, ., ,=0.85for the tatistical
copolymersP (VP-co-DEAEMA). Thisresultimplies
that the homopolymerization of the two monomersis
not favored, or in other wordsthat thereisatendency

—= Pyl] Peper

TABLE 1 : Molecular characteristics of the statistical
copolymers.

Sample M, x 10° 3 =M /M, Conversion %
VP-DEAEMA 20/80 494.0 1.64 7.7
VP-DEAEMA 40/60 149.0 1.28 35
VP- DEAEMA 50/50 201.3 1.33 39
VP-DEAEMA 60/40 305.0 1.32 6.1
VP-DEAEMA 80/20 254.6 1.29 4.1
VP-DEGMA 20/80 1078.0 1.34 6.8
VP- DEGMA 40/60 1358.0 1.43 6.7
VP-DEGMA 50/50 1182.0 1.41 10.4
VP-DEGMA 60/40 1091.0 1.39 8.6
VP-DEGMA 80/20 695.0 1.36 6.7
VP-BUOEMA 20/80 83.5 1.36 3.7
VP-BuOEMA 40/60 77.2 1.39 3.9
VP-BUuOEMA 50/50 65.8 1.73 34
VP-BUOEMA 60/40 65.3 1.34 59
VP-BUOEMA 80/20 78.4 1.37 35

*y SEC in CHCI,
4 -
5 ®
24
14 y
L ]
0+ o
P
P
-1 T T 7 T 7 T v ]
-1 0 1 2 3 4 5
H

Figurel: FRplotsof theVP-DEAEMA (o), VP-DEGMA (4A)
and VP-BUOEMA () gtatistical copolymers.

for the production of an aternating copolymer. How-
ever, the probability for theincorporation of VPunitsis
dightly greater than for theincorporation of DEAEMA
units (r, >r,caena)- Thiskind of copolymerizationis
characterized asnonideal azeotropic®4.

A different Situation was obtained for the other co-
polymers. TheKeen-Tiidos method revealed that for
both casesr, >1andr,<1. Specificaly, r, =1.57 and
Moeaua=0-92 for the statistical copolymers P (V P-co-
DEGMA), and r,,,=3.04 and r =0.48 for the

BUOEMA

—r—,  \lBCromolecules
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G/H
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4 o 1 2 3 4 5 6 71 8 9
1/H

Figure2: IFR plotsof theVP-DEAEMA (), VP-DEGMA (4)

and VP-BUOEM A (m) gtatistical copolymers.

20+

0,1

Figure3: KT plotsof theVP-DEAEMA (s), VP-DEGMA (A)
and VP-BUOEMA (W) statigtical copolymers.

TABLE 2: Copolymerization datafor thestatistical copolymers.

Sample Myp dep X Y

G H YH  GH 1 g

VP-DEAEMA 20/80
VP-DEAEMA 40/60
VP- DEAEMA 50/50
VP-DEAEMA 60/40
VP-DEAEMA 80/20
a=0.8877
VP-DEGMA 20/80
VP- DEGMA 40/60
VP-DEGMA 50/50
VP-DEGMA 60/40
VP-DEGMA 80/20
0=0.4350
VP-BUOEMA 20/80
VP-BUOEMA 40/60
VP-BUOEMA 50/50
VP-BUOEMA 60/40
VP-BUOEMA 80/20
a=0.4120

0.201128
0.394290
0.500175
0.599528
0.803330

0.2360
0.3916
0.4960
0.6055
0.8129

0.25177
0.65096
1.00070
1.49706
4.08487

0.30890
0.64366
0.98413
1.53485
4.34474

0.202760
0.398917
0.499299
0.600141
0.795696

0.3389
0.6102
0.7228
0.7813
0.9100

0.2543
0.6636
0.9972
1.5008
3.8947

0.51263
1.56542
2.60750
3.57247
10.1110

0.243665
0.399168
0.500525
0.595634
0.799790

0.4560
0.6115
0.7273
0.8196
0.9209

0.3222
0.6644
1.0021
1.4730
3.9948

0.8382
1.5740
2.6670
4.5432
11.6422

-0.56328
-0.36038
-0.01587
0.53485
3.14468

0.2052
0.6583
1.0176
1.5602
3.8405

4.87330
1.51910
0.98270
0.68484
0.26038

-2.74504 -0.51540 0.18775
-0.54744 -0.23310 0.42580
-0.01560 -0.00833 0.53410
0.36628 0.22780 0.62190
0.81882 0.66509 0.81225

-0.24176
0.239688
0.61476
1.080698
3.509505

0.12615
0.28131
0.38136
0.63049
1.50022

7.9271
3.55479
2.62219
1.58607
0.66657

-1.91645
0.85204
1.61202
1.71406
2.3393

-0.43081
0.3346
0.75302
1.01424
1.81347

0.224794
0.392704
0.46713
0.59172
0.77521

-0.6222
0.2423
0.6263
1.1487
3.6513

0.1238
0.2804
0.3765
0.4776
1.3707

8.0762
3.5662
2.6558
2.0939
0.7296

-5.0258
0.8641
1.6635
2.4056
2.6638

-0.11604
0.34992
0.79438
1.29142
2.04839

0.23109
0.40500
0.47752
0.53688
0.76890

satistica copolymersP (VP-co-BUOEMA). Thesere-
sultsimply that the homopol ymerization of VPisfa
vored over thehomopolymerization of thecorresponding
methacrylate monomers. This case is referred as a
nonideal nonazeotropic copolymerization®4., Itisnot
very commoninfreeradica polymerizationtohaver, >1
andr,<landat thesametimer,.r,>1, asconfirmed for
both systems. However, smilar resultshave been pre-
viously reported in theliteraturé™® and have been at-
tributed to specificinteractions called the “bootstrap

Macromolecules « —

effect”8, Thiseffect may ari se from theformation of
radli cal-sol vent and monomer-solvent complexes, which
do not propagate, thusatering theeffectiveradical or
monomer concentration. Inthe present case, the copo-
lymerization was conducted in bulk, and thusradical-
monomer complexesmay beresponsiblefor thisbe-
havior. Alternatively, the bootstrap effect can beattrib-
uted to some bulk preferential sorption of one of the
comonomersaround the growing polymer chains. Itis
aurprisngthat suchasmal changeinthechemica struc-
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TABLE 3: Reactivity ratiosof the statistical copolymers.
ra, A: DEGMA/DEAEMA/

fve BUOEMA/OEGM A Fvela
VP-DEAEMA
FR 1.05 0.97 1.02
IFR 0.92 0.75 0.69
KT 0.95 0.85 0.81
VP-DEGMA
FR 152 0.88 1.34
IFR 1.68 0.99 1.66
KT 157 0.92 1.44
VP-BUOEMA
FR 3.02 0.48 1.45
IFR 2.94 0.44 1.29
KT 3.04 0.48 1.46
VP-OEGMA 300
FR 0.99 0.16 0.159
IFR 1.13 0.25 0.282
KT 1.08 0.23 0.248
VP-OEGMA 1100
FR 1.25 0.13 0.162
IFR 1.15 0.08 0.092
KT 1.20 0.10 0.120

tureof thecomonomer (DEGMA instead of BUOEMA)
can cause an gppreci able changein the copolymeriza-
tion behavior. It s;emsthat the presence of more oxy-
gen atomsat thesidegroup of DEGMA leadsto more
stablecomplexeswith VPR, thusindirectly increasng the
reactivity of the methacrylate monomer compared to
BUuOEMA.

Theresultsobtained fromthe P (VP-co-DEGMA)
copolymers can be compared with those obtained by
the free radical copolymerization of VP with
oligo| (ethylene glycol) methyl ether methacrylates),
H,C=C (CH,)COO-(CH,CH,0) CH, OEGMA |
and OEGMA _, ,, with number average molecular
weights 300g/mol (n=5) and 1100g/mol (n=23).% For
DEGMA n=2. Oligo| (ethylene glycol) methacrylates]
represent avery interesting family of monomers, since
they are biocompati ble and thermoresponsible materi-
alsandtheir solubility in agueous sol utionsincreases
uponincreasingthesizeof theethyleneglycol group.tt
Themembersof thisfamily bearinglonger ethylenegly-
col chainscan be cons dered asmacromonomers bear-
ing amethacrylate end-group. Thereactivity ratiosof
VP and OEGMA_ , or OEGMA are given in

1100

—= Pyl] Peper
TABLE 3. Itisobviousthat ther andther, _.r

] OEGMA VP" OEGMA
values (Figure4) decrease substantially upon increas-
ing the ethyleneglycol chainlength. Thisresultisin
agreement with the reported dataregarding the copo-
lymerization behavior of styrenewith smilar OEGMA
monomers*7. Thedifferencein reactivity of thetwo
methacrylate monomerscan betreated considering the
reduced reactivity of macromonomersuponincreasing
their molecular weight.

Thegatistica distribution of the dyad monomer se-
quencesM, M, ., M ,-M andM, -M , were calcu-
lated using the method proposed by Igarashit®!:

2‘i’VP (1_ ¢VP )
12 (8
1+ [(2¢VP - 1)2 + 4rVPrA¢VP(1‘ bvp )]l ®)
29vp(1-¢vp)

1+ [(2¢VP - 1)2 + 4rVPrA¢VP(1_ dvp )]1
_ 49vp (1-0vp)

/2

1+ [(2¢VP - 1)2 +4ryp rA‘i’s(]-‘ dvp )]1

where X, Y and Z arethe molefractions of theM, -
M, M,-M, andM, -M  dyadsinthe copolymer,
respectively, andj, , the VP mole fraction in the co-

polymer. Mean sequencelengths i, and p, werealso
cd culated using thefollowing equationg*¥:

X=¢yp—

Y=(1-¢vp)- 12 (9)

(10)

Bvp =1+Typ [I\I/\IAV:] (1)
Ba =147, E;/IA] (12
VP

1‘6-

1‘4..

1‘2-

1‘0-

tO_S-‘

U.B-

044-.

02 o

0.0'.............

0 4 8 12 16 20 24

Dp
Figure 4 : Reactivity ratios product r.r, vs the degree of
polymerization (DP) of theside oligo (ethyleneglycol) ester
group for thecopolymersVP-DEGMA (DP=2), VP-OEGMA,_ |
(DP=5) and VP-OEGMA  _(DP=23). Thered lineservesas
aguide.

1100

—r—,  \lBCromolecules
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Thedataaresummarizedin TABLE 4, whereasthe
vaidion of thedyad fractionswith theVPmolefraction
inthecopolymersisdisplayedin Figures5, 6and 7.

08=
0.?-.
0.6-.
0.5-. | ]

0,44

XY, Z

0,3 =]
0,2

014

0,0 L . LA S |

04 02 03 04 05 06 07 08 09

ML,
Figure5: Dyad monomer sequencefractionsvstheVP mole
fraction for theVP-DEAEMA copolymers: X=M, -M, , (e),

Y=M DEAEMA_M DEAEMA (A) and Z=M-M ..., (W) dyads,
calculated using equations(8)-(10).
09+
0,8+
0,7
0,6
05+
N “
- u
o 044 u m o
0.3+ -
0,24
. _ A o
0,14 A
- A
0,0 F—r—y—+——v—T—+—1—r—1—v—1—r———
02 03 04 05 06 07 08 09 10

aM,
Figure6: Dyad monomer sequencefractionsvstheVP mole
fraction for theVP-DEGM A copolymers: X=M  -M(e),
Y=M couaMoeeua (4) and Z=M-M (m) dyads,
calculated using equations(8)-(10).

DEGMA

Thermal propertiesof thestatistical copolymers

Thethermal propertiesof the copolymersareinflu-
enced by their chemical structure and compositionand
themonomer sequencedistributions. Severd relation-
shipshavebeen employed to describetheeffect of these
parameters on the glasstransition temperature of the

Macromolecules

0,9~
0,84
0,7+
0,6+

0,54

N
> 04 . -
e -
A
0,3 ™
0,24 -
| |
0,14 A
A
0,0 S o R T e 2
04 0,5 0.6 0.7 0,8 09 1,0

aM,
Figure7: Dyad monomer sequencefractionsvstheVP mole
fraction for theVP-BUOEMA copolymers: X=M, -M (e),
Y=M oeaemaMguoema () @nd Z=M -M (W) dyads,
calculated using equations(8)-(10).

BUOEMA

TABLE 4: Sructural datafor thestatistical copolymers.

Sample X Y Z
VP-DEAEMA 20/80 0.0488 0.5768 0.3744
VP-DEAEMA 40/60 0.1410 0.3578 0.5011
VP- DEAEMA 50/50 0.2324 0.2403 0.5273
VP-DEAEMA 60/40 0.3542 0.1432 0.5026
VP-DEAEMA 80/20 0.6560 0.0302 0.3139
VP-DEGMA 20/80  0.1350 0.4572 0.4079
VP- DEGMA 40/60 0.4019 0.1695 0.4286
VP-DEGMA 50/50 0.5388 0.0932 0.3679
VP-DEGMA 60/40  0.6226 0.0600 0.3174
VP-DEGMA 80/20  0.8311 0.0111 0.1578
VP-BUOEMA 20/80 0.2312 0.3192 0.4497
VP-BUOEMA 40/60 0.3954 0.1724 0.4322
VP-BUOEMA 50/50 0.5443 0.0897 0.3659 4.05 1.48
VP-BUOEMA 60/40 0.6806 0.0414 0.2780 5.48 1.32
VP-BUOEMA 80/20 0.8503 0.0085 0.1411 13.14 1.12

Mo Ba

124 438
1.62 2.30
195 185
242 157
488 121
140 4.62
2.04 2.39
256 192
336 161
711 1.24
1.98 249
3.02 172

copolymers®l, Thesimplest equation describing the ef-
fect of compostionon TgistheGibbs-Di Marzio equa
tion24:
Tg=0,.T9,,*0,Tg, (13)
where ¢, ., ¢, are the mole fractions of VP and the
comonomer DEAEMA, DEGMA or BUOEMA, re-
spectively, inthe copolymer and Tg,,, Tg, theglass
transition temperatures of thetwo homopolymers, re-
Spectively.

A similar relationship wasintroduced by Fox!?2:
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1 wyp W A
Tg - Tg vp T9 A
wherew, ,and w, aretheweight fractionsof VP and
the comonomer in the copolymer.

Theexperimentd resultsconcerningthe Tg of the P
(VP-co-A) copolymersalong with the predictions of
the Gibbs-Di Marzio and Fox equationsaregivenin
TABLEDS. Itisobviousthat in most casespositivede-
viations are obtained by both methods dueto thefact
that they are based only on thermodynamic and free
volumetheoriesof theglasstrangition and they do not
takeinto consideration the monomer sequencedistri-
bution and theeffect of their compatibility onstericand
energetic interactions. Thedeviationsare much more
pronounced with the Gibbs-Di Marzio equation, since
it takesinto account the volumefractions of the com-
ponents. For statistica copolymersbearing monomers
without alargedifferencein molecular weight, suchas
inour case, it ismorereasonableto usethewel ght frac-
tions of the components. Several model s have been
proposed that takethe effect of themonomer sequence

TABLE5: Glasstransition temper aturesfor thestatitical
copolymers

(14)

Sample (TYep: K (TPom  (T)rox

VP-DEAEMA 0/100 299.15

VP-DEAEMA 20/80 300.29 316.6  308.3
VP-DEAEMA 40/60 303.52 328.1 3159
VP- DEAEMA 50/50 313.80 355.8 3221
VP-DEAEMA 60/40 319.57 3440  329.6
VP-DEAEMA 80/20 334.21 359.3 3483
VP-DEAEMA 100/0 373.15

VP-DEGMA 0/100 241.85

VP-DEGMA 20/80 258.45 286.3 2624
VP- DEGMA 40/60 279.85 3219 2893
VP-DEGMA 50/50 292.50 336.6  305.5
VP-DEGMA 60/40 304.25 3443  315.8
VP-DEGMA 80/20 323.70 361.2 3449
VP-DEGMA 100/0 373.15

VP-BUOEMA 0/100 241.28

VP-BUOEMA 20/80 266.75 3015 2728
VP-BUOEMA 40/60 290.39 3220  290.0
VP-BUOEMA 50/50 310.72 337.2  306.8
VP-BUOEMA 60/40 332.76 3494 3239
VP-BUOEMA 80/20 353.18 362.7 3483
VP-BUOEMA 100/0 373.15

—= Pyl] Peper

distribution a ong the copol ymer into account.

Based on the free volume concept, Johnston pro-
posed thefollowing equation®:
1 WypPyp_vp + WaPA_A . WypPyp_a +WaPA_vp
Tg Tvp_ve T9a-a TOvp-a
Itisassumed that theVP-VP, A-A andA-VPor VP-A
dyadshavether ownglasstrandtion, Tg ., ., Td, , ad
TQ,p . respectively. Tg, ., ,and Tg, , canbeconsid-
ered astheglasstrangtion temperaturesfor therespec-
tivehomopolymers, whereasTg, , , istheglasstrans-
tiontemperature of the aternating copolymer P (V P-
alt-A). W, isthe weight fraction of thei component
andP,. . P, o Pyp, @d P, arethe probabilities of
having variouslinkages. Theseprobabilitiescan becal-
cul ated using themonomer reactivity ratiog*:

(15)

,
Pvp_vp = e
fye + [[&AVAP ]] (16)
_ M 4]
Pve-n = Fve [M VP ]"' [M A] 9
My
A ST AT M e ] (18)
_ M'a [M A ]
Paoa = rA[M A]+ [M VP] (19)
Barton suggested the following equati onf24:
TO=XTQ,p ot YTQ, . +ZT0,, (20)

where X, Y, Z arethe monomer dyad fractions (equa-
tions8-10).

To apply thesetheoriesit isnecessary to know the
glasstrangition temperature of therespective dternat-
ing copolymers. However these dataare not provided
intheliterature. Therefore, thelinearized formsof the
Johnston and Barton equations are used to obtain the
Tg,., vaues. Theplots, giveninFigures8and 9, are
sraight linespassing throughtheorigin. Thisisanindi-
cation that these theoretica methods can better predict
the Tgvauesof Satistica copolymers, orinother words,
that themonomer sequencedistributionisanimportant
parameter defining the Tg of astatistical copolymer.
TheTg, ., vaues, cdculated by the Johnston and Barton
equations, aregivenin TABLE 6 for al copolymers. It
isevident that theresults obtai ned by the two methods
arenot Smilar. However, the predictionsof the Johnston
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equation seem to be morereasonable sincetheweight
fraction of the copolymer component ismorerepre-
sentative of theoverdl copolymer composition, asaso
indicated by the better fit of the Fox equation with the
experimental results, compared to the Gibbs-Di
Marzio equation.

TABLE6: Tg,, valuesobtained by the Johnston and Barton
equations

Sampl € (T ng)Johnston (T ng)Barton
VP-DEAEMA 319.49 329.03
VP-DEGMA 327.87 309.70
VP-BUOEMA 258.40 233.20
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Figure8: Linearized form of the Johnston equation for the
VP-DEAEMA (e), VP-DEGMA (4A) and VP-BUOEMA (W)
statistical copolymers.

150 <

Q

120 4

YTg,)

©o
(=]
1

11

Tg-(XTg

30

0

0,1 0,2 0,3 04 05

Figure9: Linearized form of the Barton equation for the
VP-DEAEMA (), VP-DEGMA (4A) and VP-BUOEMA (m)
statistical copolymers.

CONCLUSIONS

Copolymersof 2-vinylpyridine (V P) with 2-diethyl
amino ethyl methacrylate(DEAEMA), di (ethylenegly-
col) methyl ether methacrylate (DEGMA), and 2-
butoxyethyl methacrylate(BUOEMA), have been pre-
pared by freeradical polymerization. Inall casesthe
copolymerization was conducted in bulk at 50°C. The
reactivity ratiosof the copolymerswere estimated us-
ing linear graphica methods. Ther,  vaueswerehigher
than the corresponding r, vauesin all cases, meaning
that akinetic preference existsfor theincorporation
of VPinthe copolymer structure. Theseresultswere
confirmed by the cal cul ation of the monomer dyad
sequencefractions. Theglasstransition temperatures
of thestatistical copolymerswere obtained and com-
pared with the predictions provided by several theo-
retical models. Among these models, the Johnston
equation offersthe best fit to the experimental data,
because it takesinto consideration the effect of the
monomer sequencedistribution ontheglasstransgition
temperature and uses the weight fractions of the co-
polymer components.
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