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ABSTRACT 

As part of a continuing effort to reduce or eliminate the thermoplastic- 
ity long associated with polyphenylquinoxalines, a series of phenylquinoxa- 
line/p-tolylquinoxaline copolymers has been prepared and their thermal 
stability and cross-linkability evaluated.  Previous studies have indicated 
poly-p-tolylquinoxaline (PTQ) to be significantly more cross-linkable but 
also markedly less thermo-oxidatively stable than polyphenylquinoxaline 
(PPQ). Thus, an optimum copolymer composition combining the cross-linkabil- 
ity of PTQ and the stability of PPQ was sought.  In fact, no such composition 
exists for this system.  Whereas a small percentage of PTQ leads to substan- 
tial loss in stability, it has virtually no effect on cross-linkability. 
For example, the half-life at 400 C in air for 10% PPQ has been reduced by 
55% relative to PPQ while its cross-linkability is almost unchanged. Appar- 
ently, the cross-linking reaction is inefficient such that only high concen- 
trations of the cross-linkable species leads to a useful enhancement of the 
thermal cross-linkability. Conversely, the thermal oxidation reaction 
appears to be quite efficient.  It is concluded that this copolymer approach 
can be successful in eliminating thermoplasticity if a system can be found 
in which the relative efficiency of the competing reactions is reversed. 
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INTRODUCTION 

In previous reports,1'2 we have described the synthesis  and thermal analysis 
of poly-p-tolylquinoxaline   (PTQ) .    These studies  demonstrate that PTQ is signifi- 
cantly more thermally cross-linkable than is polyphenylquinoxaline   (PPQ)   and thus 
offers a potential solution to the problem of high temperature thermoplasticity 
long associated with PPQ's.3    However,   it was  also found that this enhanced cross- 
linkability was attained only with considerable  loss in thermo-oxidative stability. 
In an effort to incorporate the cross-linkability of PTQ and the thermo-oxidative 
stability of PPQ into one resin,   a series of PPQ/PTQ copolymers was prepared and 
evaluated by means of thermal  analysis.    This report details these studies. 

EXPERIMENTAL 

Materials:     l,4-bis(Phenylglyoxaloyl)benzene (PGB) was purchased from Whittaker 
Corporation, San Diego, California, and recrystallized once from ethanol.  3,3'- 
Diaminobenzidine (DAB) was purchased from Whittaker Corporation and recrystallized 
once from water.  1.4-bis(p-Tolylglyoxaloyl)benzene (TGB) was prepared as de- 
scribed previously.  m-Cresol was vacuum distilled. 

Polymer Synthesis:    The following procedure is illustrative of that used for all 
polymers or copolymers prepared in this study. Only the quantities of bis-a- 
diketones were changed as per Table 1 to yield the desired copolymers. A solu- 
tion of 0.2143 g (0.001 mole) of DAB in 10.0 ml m-cresol was poured into a 50 ml 
1-neck flask equipped with a magnetic stirrer. To this stirred solution was 
added a solution of 0.3252 g (0.0008 mole) of PGB and 0.0185 g (0.0002 mole) of 
TGB in 10.0 ml m-cresol. The resulting reaction mixture was capped with an air 
condenser and warmed to 100 C over approximately 1 hour. This temperature was 
maintained for 23 hours. After cooling to ambient temperature, the reaction mix- 
ture was poured with stirring into 150 ml of methanol and stirred for 2 hours. 
The resulting precipitate was removed by filtration through a fine fritted glass 
funnel. After washing with several portions of hot methanol, the precipitate was 
air dried overnight and dried in vacuo at 85 C for 6 hours to yield 0.4663 g 
(92.6%) of 5% PTQ. 

Charaaterization and Thermal Analysis:    Viscometry was carried out in a Cannon- 
Ubbelohde dilution viscometer using m-cresol at 30 C as the solvent. Thermo- 
gravimetric analyses were performed with a DuPont Model 951 Thermogravimetric 
Analyzer using a heating rate of 
10 C/minute in an atmosphere of 
static air.  Isothermal aging stud- 
ies were conducted with this equip- 
ment in a nitrogen or static air 
environment as appropriate. 

1. WENTWORTH, S. E., and MULLIGAN, G. D.  Preparation and Preliminary Thermal Evaluation of Poly-p-tolylquinoxaline, A 
Crosslinkable Polyphenylquinoxaline.   Army Materials and Mechanics Research Center, AMMRC TR 74-12, May 1974. 

2. AUGL, J. M., DUFFY, J. V., and WENTWORTH, S. E. Isothermal Crosslinking Studies on Polyquinoxalines by Dynamic 
Mechanical Methods.   Journal of Polymer Science, Polymer Chemistry Edition, v. 12, 1974, p. 1023-1039. 

3. SANTELLI, M. L.  Fabrication and Testing of Carbon Fiber/Phenylated Polyquinoxaline Resin Composites.   Naval Ordnance 
Laboratory, NOL TR 71-187, 18 November 1971. 

Table 1 .     REACTANTS USED IN  POLYMER SYNTHESES 

Polymer DAB PGB TGB m-Cresol 
Experiment [% PTQ) (9) (g) (g) (ml) 

1001-57 0 0.2143 0.3424 - 24 
-58 5 .3252 0.0185 
-59 10 .3081 .0370 
-61 20 M 

r .2793 .0741 i ' 
-63 100 ! - .3704 



Torsional braid analyses were performed with a Chemical Instruments Corporation 
Model 100-B1 Torsional Braid Analyzer. A controlled heating rate of 4.2 C/minute 
was provided by a Tetrahedron Associates Model ATC-200 Temperature Indicator Con- 
troller in conjunction with a Research Incorporated Model 5310 Data Trak Card 
Reader. All determinations were conducted in a nitrogen atmosphere with 8-inch 
multifilament quartz braids being used throughout. 

RESULTS AND DISCUSSION 

Polymer Synthesis and Characterization 

The polymers synthesized for this study together with their intrinsic viscos- 
ities, decomposition temperatures, glass transition temperatures, and yields are 
given in Table 2. As can be seen, a high yield of high molecular weight polymer 
was obtained in all cases.  The synthesis, as described in the experimental sec- 
tion, is straightforward with no complications other than a tendency of the finely 
divided polymer to clog the fritted glass funnel during isolation. 

In all cases, the polymers were readily soluble in chloroform, thus facili- 
tating the preparation of braids for torsional braid analysis and indicating the 
probability of facile processing into useful end-items. The glass transition 
temperature is apparently independent of polymer composition but seems to show a 
small dependence on molecular weight as indicated by the parallel between Tg and 
[n]. The polymer decomposition temperature decreases with increasing PTQ content 
as might be expected from the earlier report1 that PTQ is less thermo-oxidatively 
stable than PPQ.  Finally, it is presumed that the copolymers are random based on 
the method of synthesis, i.e., addition of a solution of both tetraketones to a 
solution of the tetraamine. The production of a nonrandom copolymer from such a 
procedure requires greatly different reactivities for the competing monomers. 
This is not expected to be the case in the present system. 

Isothermal Aging 

Since a major goal of the present study was to obtain a resin whose thermal 
stability was at least comparable to that of conventional PPQ, it was obviously 
necessary to determine the respective isothermal aging behavior of each of the 
polymers listed in Table 2.  In view of our earlier observation1 that 100% PTQ 
exhibited significantly enhanced isothermal aging performance when preconditioned 
at 400 C in an inert atmosphere (probably as a result of cross-linking), the fol- 
lowing experiment was conducted on each of the polymers in the present study. 

Approximately 8 mg of the powdered 
Table 2. VARIATION OF SELECTED POLYMER nnlvmp-r wac r,!*^ ,•„ -n^ ^oi™,^ 

PROPERTIES WITH COMPOSITION polymer was placed in the balance 
.  . . pan of the thermogravimetric analyzer. 

Composition Yield Viscosity PDT* V   the quartz furnace tube affixed and 
Experiment  {% PTQ)   {%)       (dl/g)  (°c)  ("Q   a slow flow of nitrogen established 

through the system. The sample was 
then inserted into the furnace which 
had equilibrated at 400 C. After 
18 hours, the sample was removed from 

*In static air. the furnace and allowed to come to 
■'■Determined by torsional braid analysis. ambient temperature.  Virtually no 

1001-57 0 96.2 1.22 598 356 
-58 5 92.6 1.02 605 355 
-59 10 96.4 1.24 582 361 
-61 20 98.8 1.53 569 364 
-63 100 92.2 0.57 540 353 



weight loss was observed during this procedure. At this point, the nitrogen flow 
was interrupted, the furnace tube was removed and flushed with air and then re- 
placed and the sample reinserted into the 400 C furnace. This point is taken as 
0 hours in the isothermal aging in static air experiment.  Figure 1 shows the 
results of this experiment for each of the polymers in Table 2,  Each curve is 
the average of two runs. The half-lives reported in Table 3 are taken from Fig- 
ure 1. They show very clearly the progressive loss of thermal oxidative stabil- 
ity with increasing PTQ content. At 20% PTQ, it has diminished by over 70%. 
Even the introduction of only 5% PTQ causes an almost 40% loss in thermo-oxidative 
stability. Thus, contrary to our initial postulate, it is obvious that any co- 
polymer which contains significant PTQ character will have markedly reduced sta- 
bility in air at elevated temperatures. 

Thermal Cross-Linking 

A PPQ possessing en- 
hanced cross-linkability was 
the second major objective 
of this study. We have 
described a technique for 
the evaluation of thermal 
cross-linkability of PPQ's 
based on torsional braid 
analysis.4 This method is 
based on the assumption 
that an increase in Tg is 
a valid indicator of in- 
creased cross-link density. 
The Tg of the unconditioned 
polymer (T„ ) is compared 

to that of the polymer after 
conditioning for 2 hours 
under nitrogen at various 
temperatures (Tg ). The 

results are reported as 
is defined as 
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Figure 1. Weight loss with time at 400 C under static air. 
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gT g 0 
It is emphasized that a fresh sam- 

Table 3.     VARIATION OF HALF-LIFE AT 400 C 
IN STATIC AIR WITH COMPOSITION pie is used for each temperature and that a cumu- 

lative effect is not being observed.  The results 
of this experiment are presented in Table 4 and 
graphically in Figure 2, 

As can be seen, the only material to exhibit 
a significant enhancement in cross-linkability 
is the 100% PTQ.  In fact, almost to within ex- 
perimental error, the curves for the three 
copolymers coincide with that of the 100% PPQ, This stands in marked contrast 
to the isothermal aging results where thermal stability varies systematically 
with PTQ content. 

4. WENTWORTH, S. E., and MACAIONE, D. P.  Synthesis and Thermal Crosslinking of p.p'-Divinylbenzil End-Capped Phenylquinoxa- 
line Oligomers.   Journal of Polymer Science, Polymer Chemistry Edition, v. 14, 1976, p. 1301-1307. 

Composition Half-Life 
Experiment {% PTO) (Hr) 

1001-57 0 84 
-58 5 51 
-59 10 38 
-61 20 24 
-63 100 10 



Table 4. EFFECT OF CONDITIONING TEMPERATURE ON Tc 

Conditioning Temperature (0C) 

Polymer Ambient 250 300 350 400 450 

Experiment    i i PTQ T9 iTg Tg aTg T9 iT9 T9 

n 
Tg 

383 

iTg 

27 

g     g 
1001-57 0 360 - 359 3 357 1 367 416    60 

-58 5 355 - 352 - 354 - 365 10 382 27 427    72 

-59 10 361 - 360 - 360 - 365 5 391 31 440    79 
-61 20 364 - 362 - 363 - 369 5 390 26 440    76 

-63 100 353 - 357 4 358 5 385 32 440 87 - 

350 400 
Conditioning Temperature, deg C 

450 

Figure 2. Variation of Tg with conditioning temperature, 2 hours under nitrogen. 

CONCLUSIONS 

It had been hoped to discover an optimum PPQ/PTQ copolymer composition in 
which enhancement of cross-linkability increased with increasing PTQ content at 
a greater rate than did decrease in thermo-oxidative stability. Unfortunately, 
just the opposite has been found to be the case. Apparently the cross-linking 
reaction is not very efficient such that only high concentrations of the cross- 
linkable species can lead to a significant elevation of Tg. Conversely, the 
thermal oxidation reaction appears to be quite efficient, very modest levels of 
PTQ character leading to serious loss in stability. Obviously then, it must be 
concluded that no optimum composition exists for this system. This does not in- 
validate the concept, however.  To be successful, a system must be found in which 
the cross-linking reaction is more efficient than the thermal oxidation reaction. 
We are currently searching for such a system. 

ACKNOWLEDGMENTS 

The author gratefully acknowledges the many helpful discussions with Dr. G. 
Hagnauer and Mr. D. Macaione and the technical assistance of Miss S. Kalian and 
Mr. R. Cherill. 



DISTRIBUTION LIST 

No. of 
Copies To 

1 Office of the Director, Defense Research and Engineering, The Pentagon, 
Washington, D. C.  20301 

12 Commander, Defense Documentation Center, Cameron Station, Building 5, 
5010 Duke Street, Alexandria, Virginia 22314 

1 Metals and Ceramics Information Center, Battelle Memorial Institute, 
505 King Avenue, Columbus, Ohio 43201 

Chief, Research S,  Development, Department of the Army, Washington, D.C. 20310 
2 ATTN:  Physical and Engineering Sciences Division 

Commander, Army Research Office, P. 0. Box 12211, Research Triangle Park, 
North Carolina 27709 

1 ATTN:  Information Processing Office 

Commander, U. S. Army Materiel Development and Readiness Command, 
5001 Eisenhower Avenue, Alexandria, Virginia 22333 

1 ATTN:  DRCDE-TC 

Commander, U. S. Army Electronics Command, Fort Monmouth, New Jersey 07703 
1 ATTN:  DRSEL-GG-DD 
1        DRSEL-GG-DM 

Commander, U. S. Army Missile Command, Redstone Arsenal, Alabama 35809 
1 ATTN:  Technical Library 
1       DRSMI-RSM, Mr. E. J. Wheelahan 

Commander, U. S. Army Natick Research and Development Command, 
Natick, Massachusetts 01760 

1 ATTN:  Technical Library 

Commander, U. S. Army Armament Command, Rock Island, Illinois 61201 
2 ATTN:  Technical Library 

Commander, Edgewood Arsenal, Maryland 21010 
1 ATTN: Mr. F. E. Thompson, Dir. of Eng. 5 Ind. Serv., Chem-Mun Br 

Commander, Frankford Arsenal, Philadelphia, Pennsylvania 19137 
1 ATTN:  SARFA-L300, Mr. John Corrie 
1       Library, H1300, Bl. 51-2 

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road, 
Adelphi, Maryland 20783 

1 ATTN: Technical Information Office 

Commander, Picatinny Arsenal, Dover, New Jersey 07801 
1 ATTN:  SARPA-RT-S 

Commander, Redstone Scientific Information Center, 
U. S. Army Missile Command, Redstone Arsenal, Alabama 35809 

4 ATTN:  DRSMI-RBLD, Document Section 

Commander, U. S. Army Foreign Science and Technology Center, 
220 7th Street, N. E., Charlottesville, Virginia 22901 

1 ATTN:  DRXST-SD3 



No. of        ~ 
Copies To 

Commander, U. S. Army Environmental Hygiene Agency, 
Edgewood Arsenal, Maryland 21010 

1 ATTN:  Chief, Library Branch 

Naval Research Laboratory, Washington, D. C.  20375 
1 ATTN:  Dr. J. M. Krafft - Code 8430 

Chief of Naval Research, Arlington, Virginia 22217 
1 ATTN: Code 471 

Commander, Naval Surface Weapons Center, Silver Spring, Maryland 20910 
1 ATTN:  Dr. J. M. Augl 

Air Force Materials Laboratory, Wright-Patterson Air Force Base, Ohio 45433 
2 ATTN: AFML (MXE), E. Morrissey 
1       AFML (LC) 
1       AFML (LLP), D. M. Forney, Jr. 
1       AFML (MBC), S. Schulman 

National Aeronautics and Space Administration, Washington, D. C.  20546 
1 ATTN: Mr. B. G. Achhammer 
1       Mr. G. C. Deutsch - Code RR-1 

National Aeronautics and Space Administration, Marshall Space Flight 
Center, Huntsville, Alabama 35812 

1 ATTN:  R-P^VE-M, R. J. Schwinghamer 
1        S^E-ME-MM, Mr. W. A. Wilson, Building 4720 

National Aeronautics and Space Administration, Lewis Research Center, 
21000 Brook Park Road, Mail Stop 49-1, Cleveland, Ohio 44135 

1 ATTN: W. B. Alston 

National Aeronautics and Space Administration, Langley Research Center, 
Hampton, Virginia 23365 

1 ATTN:  Mr. P. M. Hergenrother 

Lockheed-Georgia Company, Marietta, Georgia 30060 
1 ATTN: Advanced Composites Information Center, Dept. 72-34 - Zone 26 

1 The Charles Stark Draper Laboratory, 68 Albany Street, 
Cambridge, Massachusetts 02139 

1 Materials Sciences Corporation, Blue Bell Campus, Merion Towle Bldg., 
Blue Bell, Pennsylvania 19422 

1 Dr. R. J. Jones, TRW Defense and Space Systems Group, Bldg. 01, 
One Space Park, Redondo Beach, California 90278 

1 Dr. N. Bilow, Hughes Aircraft Company, Culver City, California 90230 

1 Dr. C. Hughes, AVCO/Lowell, 2 Industrial Avenue, Lowell, Massachusetts 01851 

Director, Army Materials and Mechanics Research Center, 
Watertown, Massachusetts 02172 

2 ATTN: DRXMR-PL 
1 DRXMR-AG 
1       Author 

■&U.S. GOVERNMENT PRINTING OFFICE:   1976-A-0703/21 



i-. cc 
U-\— to 
>—t CO TD 
CO •-' S- 
C/l Q O 

_| Q 
tJ LU >, 
Z I— (U       w   . 
3) ^. ^     +J   ^ 

1—  > M- 
fO    0) 
X C 
o   >, n; 

c/> 
3  r— 
cr-i- 

i— XI n >> « 

I     QJ E      * 
i   c r- *       o; -D 

(liO+JE i—  <Ot/it/) 

X!    Z!   QJ D-    CTli—    S-                   > 
CJi<J(/l C:X3<1J"0'T3CU 

■P   C    13 S-   O • rt)   >   QJ 

+J U- C   C   r   "" 

c. 

O   C -M   i/i   u 

O. O   C      Wl    I   <  

"fD^+JtOtO      -O-r-C 
QJ+JftJtnui^UUO 

O   O  -t-> ■«-■■- 

cr to 

cn^-  o 
•.-  O  s- 
ni D. o 

to CL i cy 
- ^^ to h- 
2. QJ to Q- 
^ C o>— 
= -■-!- 
_ .—   U    QJ 

>,CfO r—    QjS_J_.^_ 
r-    O 1-  CT'i-    S-    O    O <—   ■■-    Ul    U 
Q) .^ |—  X3 T- TO    fO 
>-M CO- ID M OJ QJJD+J'— QJ 

•»— •»— i—i ^^LD.C^'O>—IO-S- 
CI tn +J +-> . 

(O   o 

■t-J   o   c ^ 

QJ >><— 3 
+J c •(- cr 
ro   QJ JD >— 
c: ^  re  > 

■i-   C1.4-> ^- 

OJ 

E   en 
»—   >,    - 4- ..-      •   S-   C 

>, o i— ■*-» a» t- 
■   c J; ■■' 

en LD 
r— O 

QJ V£) 
^3 ■— 

to   E I 
QJ   C > 

■r-    QJ r— 
s- x: o 
QJ  +-> Q. 

O CM 
s- r-. 

OJ CM 
tn o 
QJ 

^ o s- 
_j o; o 
o o s 

QJ   U 
UO   QJ 

- O 
n  s- o 
ro Q_ o 

(J+J-^CJ  >,   r-,-^: 

QJ   fD X LlJ uo 

> 3: >- m 
- Q 1 <C 
J >- o i2 
> _J D- Z 
J O O —' 
: a. c_) _i 

rtJ 0.0 

■4-> c "o -a 
•r- C   C 

+J i— (O -^ 
S-   CD 
O   X X)    QJ 
4-   O QJ   > 
M-   C S-   TO 
QJ -i- fD .C 

CT) O" QJ   to 
C r- S-   QJ 
•r-    >^  Q.-^ 
3   C "O 
C   QJ C    3 

QJ Q- 
E 

s--a >, 
ro ai i—    • 
CX-t-J   O TJ 

fO   CL QJ 
Vl  -i-    O  ■»-> 

esc  u o (d 

X   O ^   CI> to        i— 
OUcnrot/iXJ-M   tnuiQJ+J   QJ 

I 3+JOQJClZt/1'>- CL 
os-oct.uQjooucnE 
EajinQJU3l-T-l--i-CO 

QJ>,t^S-CQ)Cl.fD <4-4-> 
.Ci—   03   QJOS-   Q-l-i—   QJfOQJ 
■i-'osa- ct+JtD      ex: 

O. 4->C cEQJ-i-+J 

UIOO''—   UQJ QJS--ME 
toUQ_i—   QJQJ      •LJQJ-i-'^4- 
<U        Q_(04-JDiDCXI3i—   O 

i— E       £4-       ajo-t-»crai 
ZJ4-VlQJioCnU >, 

^EO rt)C QJQJCU 
,r— -i-        fa  o x:  ro x: -c -Q ■>-  c: 
■o ■*->  >,       c       .c  CD+J QJ 
QJCL+Jui O-O-,- Oi— •«- 

Ji£   O-r-   fO    >,Q-   CJC^--*-*    3   U 
S_ (—0)1—0-3 O 4--^ 
(OC-i-S-i— >> tOi/14- 
E   (0X3    (U   fO^S-Pi—  +-*    S-    tfl1*- 

fOx:30toc:c:(BQj<D 
O      ''■*->3-Mr—    OOQJQJU 
t^tnto        S-        E        EQ-tJQJ 

•i-S-r—  +JQJCL3> 
>O'0faun3t0-i- fO JC   OJ 

QJ C "3    t/l  +-> 
.—  Q_ -r- 
JD Q- C?"  1/) 
to —- ■ 

to  >, o QJ +J  c: 

3   QJ 
■> 4-  i- 

^ ^1   ^CJ XI   - 
CQJ +->+J (DQJc/)C<O.C 
•r-  C 4-       -^ o -^ •>-  3  o  o  u 
r— -^   O   S- »— o   C   U -r-   fc <i- 

I   .— O •!- «* ■■- ■«-   OJ  +-'    C1-.C 
V)   to   ^ii- .Q .— 4- to   D- 3 
trtX-M (O-Mi^OTDfd 
oo-i-to+->rot/)ai-t-J'i-       c 

V) QJ    O • to   O   OJ 
3X1-^C4-S- -O ETJ 

QJ   CTTO    X-r--^   U    tOrtJi—    >,C 
S-i— ^^QJ r— .r-QJ(Oi—    3 
O^tZ (/lit/) i—    EOO 
EC-^C(^4--IJC:        CQ-4- 

QJI—    OOi— -r-OtoQJO 
>^.C     I    ■■- ^-   fO -F-   QJ Jd   O    QJ 

i—   CLifl+J ^=QJ+J-^-t-> ^3 
+J>^tO'i-i— r—    DO U) 
Ci—   OtotO   QJ'i-(OQJ<D*f-   C 
ra o  i-  0'i-x:-c: QJ Q.^.C <O 
U   CL tJ    CL-M  +J   3    i-   V) -M -4->    (J 

-H 

t/1 Q 

S-   0) 
3   C 

■+-> -i- cn 
ro i— c 
s-   ro -r- 
QJ   X -^ 
Q. O C 
E   £= -^ 
QJ  -r- ^ 

4-J    3 I 
I     O" </) 

.C    >> t/1 
Olr— O 

II 10} 
O   OJ    3 I     C <— 
vi  c i—    i E  ro  o. 
to -i-  ro ••-        oi  o +J  E 
roi—  >4-       xruviroo- 

roaj-r-c+J      jzXD- 
aix        cro       x:30JO- 
c  o  >, cn^:  cn u  vi 
OC4J-i-4->EI3 J-O 

i—  •■—  -r-    tO -r—    V)    O    O   ■*-* 
3  n- O)    C -t-1  U- 

>, cr---   0) <— •■-  O OJ 
■4->(—j^jzixixicto > 
•^ >, ro       ro E      -o    - -i- 
cji—J^O+JQ    "ro^+j 

■^OC-MviL)-MO)-Mro 
■4-> -4-> •■- LJ i— -r- i— 
v)i>—.—-.^cro i— QJ 
ro  a.  i  pri— o4-cr-i-  s- 
(—--^v)!—   QJ.^        I— XI 
CLOJtoQ-  >+■> co- ro 

QJ XI 
OJ tO  4-> 

cn^ U 
£= X) QJ "O 
i-   ft) >   0) 
U .* C "D < 
C   C O   3 ■ 
^ -i- C_J i— 

o c  o- 
E *>-   t-        -M 
s- .— cj QJ ro 
oi ro c "o 
jc X -a -.- ■■- 
-M   O   C ^    X 

I I           c 
to to     •   O 
to to   >> O 
o o +J 

S- S- -^   irt 
U U ■— •■- 

QJ O)  ^3   -M  r 

■^   C 
CJ    O 

LD .C ^=   ro >—<   D. S- 

E+^OJ    IXJ^O-— -MOJ-i- 
    Cn v) 

3 +-> 
"D  +->    to   VI   OJ ■ 

OS-OCS-OQJOOOCnJ 
E   OJ   V)    QJ   O    3    S~ 

(O 4J    (j 4- 
o. ro       4- 
CL i- i—   QJ 

cn LD 
-— CD 

O)       ct^) x: XJ <— 
CJ        _1 t^ +-> E h- 

>- O   S- QJ >— 
x:      _i a: o +-> 
u CM o o  s CL-M 
s- r- h-      *I QJ u 
ro i—     I   et    C t/1   QJ 

,_.,_.,_   C  E 
QJ   >>i—    3    OJ   >, tO    S-   C    QJ 

4->  c -^  crx: r—  ro  QJ  o  S- 
foajxii— -PO^a- 
C^iro^ Q. 4->C fctUJ 
•.-CL+Ji—    toOCTi—    CJO) QjS--l-> 
E viOtoUO-^-QJQJ     -UQJ-^ 
•r-4-      -MQ)      o-ro4-x}"ac-C3 
i—   Or—     l^-E E *♦- QJO-MCT 
QJ       roo.      34~toQJtoaiu 

toEi^EO fOc        OJOJ 
S-  OJ  s-  >,.— -r-        roox:rox;x:xi 
o-i-OJi—"a+J^       c:       xicn+-» 

s-x:oojQ.-4->to      pr " —.       n 
OJ QJ +J  Q.-^:  o -^ ro   >)0- 
u  VJ s-        i—   QJ i— O- 
3       s-TDroc-^s-i— 

■o ro ■(- QJ E  ro xi  01 ro ^s 
QJ       OJ +J ro x:  3 o 
s-    ^xiroo    «+J34->i— 

vi ■•-*   (J  to   to  to i- 

R)   QJ 
C x: 

i— o 
) -M  a- QJ > >> 

OJ   OJ   c u 
: ^r xi ■-- c 
n+-> 0) 

O .— -i- 
: 4- -^  3 cj 

" o 
n s- o 
ro o- CD 

O   OJ 

vi c c ro 
O   O QJ QJ 
E E Q- 

■^    S- r—  +-> OJ O- 
>  o ro  ro (j ro 

■ +->      +-> QJ to 

to +-> 

■^- QJ 
C to 
ro 3 

tOciCO       OXT3QJX1 
^o  >>   r-. ~^,=c 

i—. UJ   C \-~      "f— 
_i co ro to    • 
<£.         +-> C_)   QJ LT) 
X LU t/l o; ■— o 
QX   , E xi i— 
z (—   i E ro CM 

=>      o- 1  to 

4-   O   OJ   > ' 
4- ro QJ cr rtJ   - 
OJ ■!- ro x; i— Q- 

3   O-       XI O- o to 
cn o" QJ  vi  ro-—■!—-f- 

'    QJ .x      o. x:  >)0 

ro  >, u QJ JJ  c  s- 

■<- i— 3   QJ 
■i- 4-> 4-   S- . 

a> 4->  +J 
•^ O -^ ■>- 

O   S- i— Q   C    U 

■r-    >, Q. . 
3   C T3 -i      _ 
C   OJ   C    3 i— -i-   _ 

■i- JC   QJ  -(->     I   i— O    . 
+J    D- QJ   V)   to   1)   >>4-  XI r 
c >)Xi       vi x -M       ro +-> 
Or— VJOO-i-tO-^ro 
U   O   to    3   S-   C r -    ■ 

OJ   OI 
+J +J ro  ro 

UJ E: _J QJ T- C_J 
n: >- CQ o; 
Q_ _J cC 
>- O ^ i— 
 i a. z ro 
o o •-< u 
O. O  I •!- 

D. ro o o •■- -i- 
3 XJ ■ 
cr ro 

4- -P  to oi  S- i—     . 
o ■<- s- s- o >, c 

3   QJ O-   E   C -i-   C 
-P E QJ .—   o 
s- -o  >,      ^x:   i  ■>- 
rooii—    •!—  a.to4-J      J- 
Q.+-)   OXJ+J   >» W f- I— 

roo-Qjci— otorooj 
<s> -t- o-4->ro o s- o-.-x: 

■<  o  u ro o  o. u  CL+J -M 

i- -i- 

o. 3 

E -a 

J  r—    3 

tO  4- 
O i~ ■ .— ro 

i       i—  E  o  o 1 c       C 
■   O   to   QJ 

■^0)^1 
I   4-J  -r-  4-> 


