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ABSTRACT

Homopolymer of methyl methacrylate (MMA) and its copolymer using different compositions of
styrene and 1-decene were synthesized and characterized. The viscosity measurements of the
synthesized homo polymer as well as the co polymer in the toluene solution at 313 K were
performed. Different equations were used to calculate intrinsic viscosity, viscometric constants
values and molecular weight of the synthesized polymers. The values of intrinsic viscosity and
viscosity average molecular weight obtained by the two methods (single point determination and
graphical extrapolation) were compared in order to verify the validity of the single point
determination for the polymers. Viscometric properties derived included the determination of
specific viscosity (it determines the contribution of solute to the viscosity of  the solution),
the reduced viscosity (that provides the measurements of the polymer capacity of increasing the
solution viscosity) and intrinsic viscosity.
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INTRODUCTION

Polymers of alkyl methacrylate used as additivesubricant composition for improving the
viscometric and rheological properties of the loant. [1,4] They also looked upon to provide
additional performance characteristic such as iwgulo low temperature fluidity and
disparsancy. Although poly alkyl methacrylates (PAI are preferred type of additives in
certain application, they often contribute to erdeformation of deposits in the engine due to
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thermal instability of these additives under higimnperature conditions. Approach to overcome
this shortcoming is always associated with a rigkaffecting certain beneficial properties
associated with normal polyalkylmethcrylates, sashpour point depressant (PPD) and good
shear stability. Therefore, the recent researcimethacrylate additives has been concerned on
co polymer of methacrylates with various stabilizmonomer.

It is well known that inclusion of styrene in thengposition of an additive increases the
resistance of the co polymer compounded oil to dbeon of heat. Since homopolymers of
styrene and 1-decene are insoluble in lube oil @y introduced in the composition of oll
soluble polymer by copolymerization which may befus PPD / VM (Viscosity modifier) for
petroleum and synthetic oil.

In this paper the results of our investigation tmgathe synthesis, characterization and
viscometric measurement of MMA + styrene copolyraed MMA+ 1- decene in compare to
homo polymer of MMA will be discussed. Four copobms of MMA were prepared by varying
the mass fractions of styrene and 1-decene in theomer mixture from 5 % to 10 % and
employing free radical polymerization techniquengsbenzoyl peroxide (BZP) as initiator in
toluene solvent. Polymerization was carried oukofeing the procedure as reported earlier.[3]
Homo polymer of MMA was also prepared under idatteondition.

Physical characterization of the co polymers wasgiadh out employing gel permeation
chromatography (GPC), thermal gravimetric analy$i8A), FT-IR and FT-NMR techniques.
However, since performance of such kind of add#ivefield condition is very much dependent
on the structure and morphology of the polymer ésickd solvent [5], viscometric studies in
dilute solutions may give valuable information as &s the quality of the solvent or base stock
employed and chain conformation in dilute solutase concerned. Since report regarding such
information is scanty [6,7] and almost nil for polgrs used as lube oil additives — present
research also include viscometric study of theagmers as well as the homopolymer.
Viscometry is the simplest technique used to sttily macromolecules in solution and
determine their molecular weight. According to Matkuwink — Sukurda relation (eq 1), the
value of intrinsic viscosity changes with the malac weight of the polymer in a solvent as:

hl =KM? 1)
Where the parameter ‘K’ and ‘a’ depends on the tyfpgolymer, solvent, and temperature.

Because of the simplicity of the procedure, viscoye usually employed to complement the
results obtained from another technique, generalydetermination of molecular mass of
samples with the available literature value of toastants used in the particular equation. A
number of mathematical relations are available iiardture for the study of viscometric
properties of a dilute polymer solution at a paac temperature by graphic extrapolation. [6 —
9] The most commonly used equations are:

Huggins (H) ,7% =[n], +k.[n].°C 2)
Kraemer (K) Ing, /C =[], -k [7]°C (3)
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Martin (M) In(ﬂ%j = In[/7]m +K, [/7]mC 4)
Schulz-Blaschke (sé%% = [1)s +keln]o/s (5)

Where, C is concentration in g.&m
nr = t/t, relative viscosity or viscosity ratio (wherejs time flow of pure solvent ang is time
flow of solution).

Nsp  =Nr—1, specific viscosity

[nln  =intrinsic viscosity, respective to Huggins equation
[nlk = Iintrinsic viscosity, respective to Kreameuatjon ;
[nlm = intrinsic viscosity , respective to Martiquation,

[N]sv =intrinsic viscosity or limiting number, respectite Schulz — Blaschke equation, ki,
km and ky, Huggins , Kraemer , Martin and Schulz- Blascbéefficients, respectively.

Some relations have been proposed for determirhiegiritrinsic viscosity in dilute polymer
solution from a single point determination. Thesethmds have the advantage of being
considerably faster and can be adequate when a targber of samples must be analysed in
short period of time, practically in industrial tadatories. Most useful of them [6 -10] are
Solomon- Ciute (SC, eq 6) and Deb —Chanterjee @) relations.

nl=lew, -np)21c (5)
7]=(Bing, +327,7 -3, )" Jc (6)

The use of these equations has been derived uhdesupposition of the validity of the
relationship k+ kg = 0.5. [9]

The behavior of the polymeric additives towards peec#fic solvent / base stock plays a
significant role in their action as a performanddiaive in their end application.

Since, viscometry provides very important dataualibe interaction of additive in base fluid
and hence conformation of polymeric system [Shia base stock, the process of polymerization
in the presence of a suitable solvent has beeactttg considerable interest. [11, 12]

Since the behavior of polymers especially the dgmers in solution is a complex phenomenon,
a comparison involving the values of their intr;msiscosity obtained by graphic extrapolation
and by a single point determination should be esteng.

In this work viscometric parameters (intrinsic wdsity and the value of constants) of toluene
solution for sample of poly methyl methacrylate atsdco polymer were obtained by graphic
extrapolation and single point determination. Teeasity average molecular weight determined
by using different equations, were compared. THiglitya of single point determination method
for these types of polymers, in the investigateadzton, was also discussed.
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EXPERIMENTAL SECTION
Polymerization
The polymerization was carried out in a four neckaahd bottom flask equipped with a stirrer,
condenser, thermometer, an inlet for the introaductf nitrogen and a dropping funnel through
which to add styrene drop wise. In the flask wascedl desired mass of MMA and initiator
(BZP) followed by the desired mass of styrene wdted drop wise for 2 h in the presence of
toluene as solvent. The reaction temperature wastanged at 353 K for 6 .MAt the end of the
reaction time, the reaction mixture was poured imethanol with stirring to terminate the
polymerization and precipitate the polymer. Theypwr was further purified by repeated
precipitation of its hexane solution by methandloieed by drying under vacuum at 313 K
homo polymer of MMA and copolymer with 1-decene evesimilarly prepared and purified
under the same conditions for use in referencerenpats.

Measurements

IR spectra were recorded on a Shimudzu FT-IR &@@trometer using 0.1mm KBr cells and
the spectra were recorded at room temperaturenwitie wave number range 400 to 4000'cm
NMR spectra were recorded in Brucker Avance 300MHzNMR spectrometer using 5mm
BBO probe. CDG was used as solvent and TMS as reference matéwakage molecular
weights (M, and M,) were obtained by SEC (GPC) using THF as mobiksphn a Water GPC
system at 303 + 1 K. The retention times were caldd against known monodisperse
polystyrene standard.

Viscometric measurements

Viscometric properties were determined at 3181 Koluene solution, using an Ubbelohde OB
viscometer(having viscometer constant values are K.00268crfiseé, L= -19.83cm and
volume of the bulb is 3 cfrand length of the capillary 11.3 cniixperimental determination
was carried out by counting time flow at least niuliéferent concentration of the sample
solutions. The time flow of the solution was mahpdetermined by using a chronometer. In a
single measurement the lowest value of solutiorceotration was chosen for the calculation.
The viscometer was calibrated frequently with dediwater. The viscosity results were checked
against viscosity of known solutions and accura@g viound to be nearly 0.2 %. Precautions
regarding prevention of evaporation of solvent wiadeen in all the cases. For the viscosity —
average molecular weight determination, the cotstin= 0.00387 dlI/ g (deciliter/g) and a =
0.725 [13, 14] were employed.

Thermo gravimetric analysis (TGA)
The thermograms in air were obtained on a mettler~T3000 system, at a heating rate of 10
K.min™.

RESULTS AND DISCUSSION

IR spectra of the homo polymer showed a peak a2 ti8 due to the presence of ester carbonyl
group stretching vibration. The broad peak randiogn 1260 to 1000 citappeared owing to
the ester C-O stretching vibration along with brashd from 950 to 650 ¢cm(C-H bending)
and from 3100 to 2900 chdue to presence of stretching vibrations. The emist of copolymer
was confirmed by IR and NMR (Figure 1) analysisti®ay! stretching vibration at 1732 ¢cnof
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the homo polymer shifted to 1720 ¢rin the copolymer. Peaks at 760 tmnd 697 cril were
attributed to the C-H bond of the phenyl grouptyfene. In its'H NMR spectra the copolymer
indicated the presence of phenyl group at 7.2 ppditle —OCH group from the acrylate at 3.9

ppm.

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

Figure 1. NMR spectrum of copolymer of Methyl metharylate + styrene

The extent of incorporation of styrene in the padyrohain (Table 1) was determined through a
comparison of area of —OGHroup at 3.9 ppm in the area of signal due to pherotons at 7.2
ppm based on earlier reports [15] as well as onbtms of our earlier paper [3], which was
further verified through an analysis of FT-IR spaktata following a method as also discussed
in our earlier paper.[3]

The formation of copolymer of MMA with 1-decene wako confirmed by IR and NMR
(Figure 2) analysis. Carbonyl stretching vibratan1732 crit of the homo polymer (MMA)
shifted to 1729 cihin the copolymer'H NMR spectra the copolymer indicated the abserfice o
any vinylic protons and showed the presence ofr estthyl's at 3.60 ppm. The extent of
incorporation of 1-decene in polymer chain was lgirty determined from analysis of the proton
NMR through a comparison of the area of the sigi& to -OCH group appearing at 4.35 ppm
with the area of signals due to other protons whnel further confirmed through the analysis of
FT-IR data.
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Table 1. Composition of the monomers in the co painers in terms of mass fraction
determined by PMR and FT-IR spectro photometric mehod. Poly-1 is homopolymer of
methyl methacrylate (mma); Poly-2 and Poly-3 are hte copolymer of mma + different mass
fractions of styrene and Poly-4 and Poly-5 are #hcopolymer of mma + different mass
fractions of 1-decene,

Polymer Mass fraction in the feed Mass fraction Mass fraction of

sample MMA Styrene ( poly-2 of styrene in co styrene in co
and poly-3)/ 1- polymer by polymer by FT-
decene ( poly-4 PMR method IR

and poly-5)
Poly-1 1 - - -
Poly-2 0.95 0.05 0.02 0.023
Poly-3 0.90 0.10 0.04 0.045
Poly-4 0.95 0.05 0.028 0.03
Poly-5 0.90 0.10 0.049 0.051

Figure 2.™H NMR spectrum of copolymer of Methyl methacrylate+ 1- decene
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Comparison showed that the extent of incorporatbri-decene in the copolymer is always
greater than styrene incorporation.

Table 2 presents a comparison between the valuesot#fcular mass obtained by GPC. The
molecular weight increases with the increase inciwecentration of the co monomer (styrene
and 1-decene). Molecular mass is always lower s ¢d 1-decene copolymer.

Thermal stability (Table 2) as determined by thegragimetric analysis (TGA) showed that the
copolymers are better in thermal stability than Hwemo polymer, except poly-5, where the
increased 1-decene concentration assist the degnadé the polymer as a whole. Incorporation
of styrene raises the thernshbility much more than 1-decene.

Table 2. Molecular mass obtained by gel permeatiomhromatography and Thermal
gravimetric analysis data for homo and co polymersMn is number average molecular
weight and Mw is weight average molecular weight.-gpercent weight loss.

Polymer sample Mn x 10 Mw x 10* TGA data
Decom. Temp’C  PWL®
Poly-1 4.5 16 230/280 26/77
Poly-2 8.5 19 295/356 29/71
Poly-3 14.5 25 320/375 48/52
Poly-4 1.8 5.6 240/280 35/75
Poly-5 4.8 10.6 205/265 30/70
1.2
1
08 =
0.6 O -
s o
g 04 | o
g2
o
O : i}
035 ) 0 0.4 0.6
0.6 04 52<02 2 _ _
L] el
e 0.2
-0.4
logC[mnl

Figure 3. Plot of logG{] vs logysp: €, Poly-1;7,Poly-2; A, Poly-3; x,Poly-4, o,Poly-
5
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Viscometric data were obtained using the six equatnentioned. Ainear relation for the plot
of lognsp vs logCp] obtained for all samples (Figure 3) indicated thegasurements were
performed in Newtonian flow. [16,17]

Using the graphic extrapolation method respectiviginsic viscosities and constants were
evaluated. In single point determinations, SB, 8 RC equations were employed to determine
the intrinsic viscosity. Although dependent on astant, the SB equation is commonly applied
in single point determination because the condtans found to be very close to 0.28 in most of
the polymer solvent system.[6—10] The same is hsed also.

Table 3 presents intrinsic viscosity values|i} ) related to all equation for the sample analysed.
Taking into account the data for homo and all clymper samples, it can be noticed that, except
one or two cases values are consistent. Compaaisong the co polymers indicated that there is
a gradual increase ofn] values with the increase of styrene content ie thonomer
composition. This indicated more extended confoionabf the polymer chain compared to
PMMA itself. However, beyond a concentration of 25of styrene, hydrodynamic volume of it
exceeds that of PMMA which may reach a limitingueawhen the concentration of styrene is
raised to 5 % in the feed. Therefore a sharp inergnof |n] is observed at 5 % styrene content.
[18, 19] But incase of 1-decene incorporation,imsic viscosity values gradually decreases with
increase in mass fraction of 1-decene. This oppdmhaviour can be explained on the basis of
the extent of hydrodynamic volume of the two kimdigopolymers in the same solvent

Values of intrinsic viscosities (Table 3) obtaineg graphic extrapolation method of Huggins,
Kraemer, Martin and SB equation (eq 2 to 6) didstaw much variation for the homopolymers
as well as for the copolymers studieql;f values obtained by Huggins and Kraemer’s equation
were found identical for both homo and copolymers.

Table 3. Intrinsic viscosity values for all prepaed homo and co polymer samples
calculated by using different equation (eq 2 to ed). a- extrapolation of graph, b- single

point determination ( ksp= 0.28), c- single point determination

Sample 1% [N1% ] [N]°se [n]bss [N]°sc [n]°oc

Poly-1 7.69 9.38 7.75 9.71 9.83 9.95 10.72
Poly-2 13.5 14 14.78 15.61 15.39 15.81 17.68
Poly-3 15.12 15.02 16.88 18.2 16.694 18.17 21.41
Poly-4 5.59 5.89 6.27 6.28 6.25 6.25 6.549
Poly-5 4.02 4.48 4.39 4.63 4.86 4.86 5.040

Both homo polymer and co polymers in toluene mediiicating poor solvation (Table 4) as is
evident from the respective viscometric constafies and thus points towards the formation of
micelle or spherical structures as discussed edblj€his conclusion is further supported by
positive values of Kraemer coefficient of the &k tsystems analyzed. However, it is interesting
to notice that for all the polymers in tolueng, kalues were close to 0.28. Thus it can be
concluded that the relation, k ki # 0.5 did not put any restriction for the applicatiof SB
equation.
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Table 4. Viscometric constants obtained for all pgpared homo and co polymer samples.
Kn, kk, kn and kg Huggins, Kraemer, Martin and Schulz- Blaschke cdécients,

respectively
Samples K Ky Km Ket kn + k
Poly-1 1.006 0.093 0.740 0.294 1.099
Poly-2 0.639 0.0006 0.337 0.247 0.640
Poly -3 0.678 0.038 0.356 0.227 0.716
Poly -4 0.657 0.046 0.343 0.289 0.703
Poly -5 1.058 -0.026 0.611 0.42 1.032

The relation k+ kn= 0.5 was not observed for the samples analyzeol€1, but found similar
as reported elsewhere.[17] Maximum deviation foe thomo polymer of MMA may be
attributed to the comparatively poor solubilitytbé polymer in toluene

Styrene copolymers showed slightly better solubiimongst all the polymers in toluene
solvent.

A comparison on the basis of calculated percertiff@rences 4 % = 100 (] / [n] n) - 100) of

[n] values, taking Huggins equation as a referendeated that with then|] values (Table 3)
determined through graphic extrapolation using Krae Martin and SB equations, the range of
A % (-0.66 to 26.31 %, Table 5) was narrow in congoar to the values (10.43 to 41.40 %),
when |n] is obtained through single point method using SB and DC equation Between the
two types of copolymers MMA-Styrene and MMA-1-deeesimilar comparison indicated that
the range was narrow in case of 1-decene (5.3.802%han the styrene copolymers ( -0.66 to
41.60 ). However, the percentual differences=(([n])/[n] n) -1) obtained in the case of homo
polymer are always higher (except one in each cse) the co polymers, irrespective of the
method of determination (Table 5).

Table 5. Percentual differencesA = ([n)/[n] n) -1) obtained for intrinsic viscosity values,
Huggins equation taken as a reference. a- data froextrapolation; b — data from single
point determination

Sample R M? SB SB sc DCP
100A

Poly 1 21.97 0.78 26.31 27.88 29.39 39.36

Poly-2 3.70 9.48 15.55 14.01 17.11 30.96

Poly-3 -0.66 11.64 20.37 10.41 20.15 41.60

Poly-4 5.30 12.08 12.24 12.34 11.71 17.05

Poly-5 11.64 9.20 15.31 21.98 21.01 25.30

A close observation of the intrinsic viscosity wdu(Table 3) indicated that, for the co polymer
system analyzed, the SB equation which is widepfia@ in industry quality control laboratories

should be the most suitable for the applicationoire point determination. This table also
indicated that for PMMA the graphical extrapolatiorethod seemed to be more suitable in
toluene rather than the single point determinato Martin equation produced the lowest
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deviation value among the four when compared tedtabtained from the Huggins equation.
Table 6 presents the value of viscometric molecwkaights obtained for homo polymer and co
polymers analyzed. The trend is similar as wasmwesein case of GPC molecular weight and is
in line with their respective intrinsic viscosityles. However, as expected, a difference was
observed in the values of molecular weight obtaingdGPC and viscometric method. This is
probably due to the differences in analysis coodgj like solvents, temperature techniques and
standard employed.[20]

Table 6. Determination of molecular weight by MarkHouwinks equation ] = KM 2
where, K =0.00387 dl.g and a = 0.725

Sample M’ x M@ X MéX MaPX MePX MoPX Mgl X
10* 10* 10* 10 104 10* 10*
Poly-1 3.54 4.65 3.58 4.88 4.97 5.05 559
Poly-2 7,67 8.09 8.71 9.99 9.22 9.56 11.16
Poly-3  8.99 8.91 10.47 11.62 10.31 11.58 14.54
Poly-4  2.28 2.44 2.66 2.67 2.67 2.65 2.83
Poly-5 1.44 1.68 1.63 1.75 2.77 1.87 1.97

a- data from extrapolation; b- data from single palatermination

Comparison between viscosity molecular weight,JMnd number average molecular weight
obtained by GPC, indicated that graphical extrapmiavalues are more close to that of the GPC
values rather than the single point determinat@ines. The percentual differense= (M/My,) -

1, obtained for viscometric molecular weight valua® showed in (Table 7) taking M
determined by Huggins equation ()ds a reference. Martin equation showed the smallésé
values.

Table 7. Percentual differences obtained for viseoetric molecular weight valuesA = (M
/My ) - 1, Huggins equation taken as a reference. aath from extrapolation; b- data from
single point determination

Sample Ma M ma Msta Mstb Mscb Mdcb
100A

Poly-1 31.52 1.07 38.02 40.38 42.67 58.06

Poly-2 50.14 13.30 29.80 19.80 24.34 45.12

Poly-3 -0.91 16.40 29.10 14.60 28.80 61.00

Poly-4 7.30 16.90 17.20 17.40 16.40 24.10

Poly-5 16.40 12.90 21.60 91.80 30.00 36.40

CONCLUSIONS

Incorporation of 1- decene in to MMA is greater rthstyrene under identical condition of
copolymerization.
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Molecular mass of (GPC and Viscometry) of 1- deceogolymer is always less than styrene
copolymer.

In general, copolymers showed greater thermallgiatsian the homopolymer.

Incorporation of styrene raises the thermal stigtof MMA more than 1- decene does.

In general, increased styrene concentration inféeel is directly proportional to intrinsic
viscosity of the copolymer solution but reverseoisserved in case of MMA- 1- decene
copolymer.

Intrinsic viscosity values obtained by using Huggiand Kramer's equations are found to
identical for both homo and copolymers.

Homo and copolymers showed a tendency towards ahmation of micelle or spherical
structure in toluene medium.

MMA - styrene copolymer showed better solubilitycmmparison to homo- polymer and MMA-
1-decene copolymer in toluene.

Amongst the single point determination method, §Bation found to be most suitable for the
copolymer system analysed, whereas for the homopaly PMMA, graphical extrapolation
method seems to be most suitable in toluene.

REFERENCES

[1] RM Mortier; ST Qrszulik; Chemistry and Techogly of Lubricants, Blackie Academic and
Professiona, Londoh997.

[2] J Briant; J Denis; G Pare, Rheological Prapserof Lubricants. Editions Technip, Paris,
1989.

[3] P Ghosh; AV Pantar; AS Sarmdnd. J. Chem. Tech., 1998,5, 371-375.

[4] C Beyer; R Jelittel.ubr. Eng. 1992,48, 450-453.

[5] CMF Oliveira; CT Andrade; MC DelpecRolym. Bull. 199126, 657.

[6] MC Delpech; FMB Coutinho; MES Habibdolym. Test. 2002 21, 155.

[7] MC Delpech; FMB Coutinho; MES Habip&olym. Test. 2002 21, 411.

[8] CK Schoff, Concentration dependence of theassty of dilute polymer solutions: Huggins
and Schulz-Blaschke constants, Polymer Handbookn Wiley: New York 1999.

[9] AAA Abdel-Azim; AM Atta; MS Farahat; WY BoutrgsPolymer, 1998,39, 26

[10] HU Khan; VK Gupta; GS Bhargavdolym. Commun. 1983,24, 191.

[11] JW Qian; GH Zhou; WY YangEuro. Polym. J. 2001,37, 1871

[12] X Zushun; F Linxian; J Jian; C Shiyuan; C Yehgn; Y ChangfengEuro. Polym. J. 1998,
10, 1499

[13] D Srivastavalranian Polym. J., 2003,12(6), 449.

[14] Ivana i. mello; MC Delpech; FMB Coutinho; FFKIbino, J. Braz. Chem. Soc. 2006
17(2).

[15] P Bataille; N Sharifi-sajani; E Evid, of Solution Chem. 1994,23 (2).

[16] F Gundert; B WolfMakromol Chem. 1986,187, 2969

[17] E Morris; G Phillips; D Wedlock; Williams Pdéors, Rheology of hydrocolloids In Gums

132



Pranab Ghoshet al J. Chem. Pharm. Res,, 2010, 2(4):122-133

and Stabilizers for the Food Industry. Pergamois$r@xford 1984

[18] B Walker; G Phillips; D Wedlock; Williams Pdgors, Gums and Stabilisers for the Food
Industry, Pergamon Press: Oxfoi®34.

[19] MC Delpech; CMF Oliveirafolym. Test. 2005,24, 381.

[20] MT Kurata; Y Sunashima, Polymer Handbook, WjNgwyork,1999.

133



