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The visible light-cured unfilled resins using the nine types of aromatic dimethacrylates were investigated
to determine the effects of the monomer structure on selected properties. Analysis of the data indicated that
the mechanical properties of these unfilled resins were much dependent upon the monomer structure. There
was also a correlation between the water sorption value of the unfilled resins and the reduction in their
mechanical properties under wet conditions. The results of this investigation indicated that the fluoro
groups-containing dimethacrylate resin would be the effective resin system for visible light-cured dental
restorative materials.
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INTRODUCTION

Since Bis-GMA monomer was introduced as a dental resin component by Bowen?, it has
continued to be the most extensively used in dental resins such as composite restorative
resins and fissure sealants?=%.

Bis-GMA has a rigid bisphenol A backbone in its chemical structure. The bulky nature
of the bisphenol A group leads to a rigid polymer with lower polymerization shrinkage.
However, the Bis-GMA-based materials showed a relatively higher water sorption due to the
two hydroxy groups in the Bis-GMA molecule®. Absorbed water in Bis-GMA-based
composite resins can release internal stress, promote filler-resin debonding, and reduce the
mechanical properties of the composite materials. The structure of the dimethacrylates
containing the bisphenol backbone, as well as their concentration in resin systems, affects the
mechanical properties and water sorption of the cured resin.

The objective of this study was to investigate the effects of the monomer structure of
nine types of aromatic dimethacrylates on the mechanical properties and the water sorption
in unfilled resin systems.

MATERIALS AND METHODS

Preparation of aromatic dimethacrylates

The chemical formulas of the nine types of aromatic dimethacrylates used in this study
and their synthetic schemes are given in Fig. 1.

Bis-GMA-F and Bis-GMA-C were prepared according to the method of Brzozowski and
Nowicki® (scheme 1) and purified using column chromatography. Bisphenol C was obtained

NI | -El ectronic Library Service



The Japanese Society for Dental Materials and Devices (JSDVD)

MECHANICAL PROPERTIES OF UNFILLED RESINS 175
scheme1
CH, — ‘Ric -
HO@ @OH + CHZ—CCOOCHZCHCHZ —————p R= c(cr,), : Bis-GMA-F
X 1) :Bis-GMA-C
CH, GH,
CHZ——CCOOCHZCHCHZO@ @om@mmoocc CH,
scheme 2

CH, CH,
CH,=CCOOCH,CH,00C-R-COOH + C\HZ/CHCHZO@— ((Z@OCHZC\H/CHZ e
CH
o] 3 o

CH, CH,
CH;=CCOOCH,CH,00C — R~ COOCH, CHCH o@ @OCHZCHCH 00C-R-COOCH,CH,00CC=CH,
CH,

R=(O)-Bis-GMA-EPh
scheme 3
(W)-Bis-GMA-ECh
CH, CICH,CH,CH,OH CH,
HO@Q@OH _— HOCH2CH2CHZO@-é OCH,CH,CH,0H
NaOH '
CH, CH,
CH,
cH=Ccocl
— I3 CH= CCOOCHZCHZCHZO@‘ —@ocmw CH, oocc c:H2 .
Bis-MPPP
CHZ—CCOOCH CHCHzO@— —@OCHZCHCHZOOCC CH,
CH, Bis-GMA

CH,
CHz_écoo{CHZCHzo}@ —@{CHZCH o), occ= CHz
m=n=1 : Bis-MEPP
m=n=2 : Bis-MEEPP
M+n22.6 : Bis-ME, PP

Fig. 1 Synthetic schemes and structural formulas of aromatic dimethacrylates.

as described in the literature”. Bis-GMA-EPh and Bis-GMA-ECh were prepared according
to scheme 2. The preparation of methacryloxyethyl hydrogen phthalate and methacrylox-
yethyl hydrogen hexahydrophthalate was carried out by a similar method of Fukushima et
al®. Bis-MPPP was prepared according to scheme 3, and purified by using column
chromatography (silicagel ; Lobar type C*, eluent ; benzene/ethyl acetate 90/10 v/v). The
preparation of Bis-MEPP, Bis-MEEPP, and Bis-GMA was conducted as previously
described® 19, Commercially available Bis-ME,;PP** was used without further
purification.
Preparation of test specimens

Each aromatic dimethacrylate was diluted with triEDMA* * in a molar ratio of 1/1.

*LiChroprep Si 60, Merck, Darmstadt, Germany
* *Shin-Nakamura Chemical Co., LTD., Wakayama, Japan
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Photosensitizer (0.5 wt% of camphoroquinone* * * and 1.0 wt% of N, N-dimethylaminoethyl
methacrylate?) was added to the monomer to prepare nine types of visible light-cured unfilled
resin systems.

They were poured into an aluminium mold with the ends covered by glass plates (0.7 mm
thick) and irradiated twice through both glass plates with a light source® to make specimens
of flexural strength which conform to elastic modulus measurements. After the cured resins
were removed from the mold, the bar specimens (2 X2 X 30 mm) for each resin system were
made by cutting with a low-speed diamond saw## and subsequently finished with 600-grit wet
SiC paper.

The unfilled resins were poured into a glass tube (4 mm? X 40 mm) and irradiated in four
different directions for each 90 s to ensure optimal conversion. The cured resins were cut
with a low-speed diamond saw to make specimens of the compressive proportional limit and
diametral tensile strength (4 mm? X6 mm for compressive proportional limit measurement,
and 4 mm’ X4 mm for diametral tensile strength measurements).

For water sorption measurements, three disc specimens, 20 mm in diameter and 1 mm
thick, were made from the resin which were cured in glass plate-covered aluminium molds by
120 s illuminations through both glass plates.

Each specimen was divided into two groups. One group was kept at 37°C in a dessicator
for 30 days (dry conditions) and the other was immersed in distilled water at 37°C for 30 days
(wet conditions).

Measurement of mechanical properties

The flexural strength and elastic modulus were measured on the bar specimens (n=10)
by a three-point bending test with a universal testing machine# at a cross-head speed of 1
mm/min. The length between the supports was 20 mm. The elastic modulus was determined
from the flexural stress-strain curves. The compression test (n=7) was carried out with a
constant cross-head speed of 1 mm/min. The proportional limits on the compression test
were determined because these unfilled resins were not completely brittle. A diametral
tensile strength test (n=7) was carried out at a cross-head speed of 10 mm/min. Since the test
specimen showed a large plastic deformation when tested, the tensile strength determined
from the proportional limit was calculated as the diametral tensile strength.

Water sorption

Three disc specimens were conditioned to a constant weight in a dessicator and subse-
quently immersed in distilled water at 37°C. The specimens were re-conditioned to a constant
weight in a dessicator under vacuum two months after immersion in water. The water
sorption for each resin system was determined from the differences in weight between the
specimen immersed for two months and the re-conditioned specimen. The water sorption
results in this study are expressed in xg/mmS3.

Data analysis

*** Aldrich Chemical Co., WIS, USA
*Nacalai Tesque, Kyoto, Japan
#Dentacolor XS, Kulzer and Co., Wehrhelm, Germany
##Isomet, Buhler, Evanston, IL, USA
##Shimadzu 1S-5000, Kyoto, Japan
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The data were analyzed with Scheffe’s test for multiple comparisons between the means
at a significant level of 0.05.

RESULTS

The IR spectra assignments and NMR chemical shifts, and elemental analyses of newly
synthesized aromatic dimethacrylates (Bis-GMA-F, Bis-GMA-C, Bis-GMA-EPh, Bis-GMA
~-ECh, and Bis-MPPP) are listed in Tables 1 and 2, respectively. The IR and NMR spectra
data were consistent with assigned structure of each monomer. The elemental analyses were
also reasonably consistent with the chemical formula assigned to them.

Mechanical properties of the unfilled dimethacrylate resins are summarized in Table 3.
The results of the Scheffe’s test for multiple comparisons of the mechanical properties are
shown in Table 4.

The unfilled resins based on dimethacrylates containing hydroxy groups (Bis-GMA, Bis
-GMA-F, Bis-GMA-C, Bis-GMA-EPh, and Bis-GMA-ECh) showed a relatively large
decrease in flexural strength under wet conditions. In contrast, the resins based on dimetha-
crylates without the hydroxy group showed only a slight decrease in flexural strength under

Table 1 IR assignments and NMR chemical shifts of aromatic dimethacrylates

IR absorption bands (cm™) NMR chemical shifts (ppm)
Bis-GMA-F 3600-3200 (OH), 2950 (CH,), 1.92 (6H,-CHj;), 3.10 (2H,-OH), 3.90-4.45 (8H,
1720 (C=0), 1640 (C=0(), -CH,-), 5.58 and 6.10 (4H, CH,=), 6.75-7.40
1040 (C-0), 1200 (CF,), (8H, aromatic)
940 (CH)
Bis-GMA-C 3640-3190 (OH), 2960 (CH,), 1.93 (6H, -CH,), 1.50-2.22 (10H, cyclohexane),
1720 (C=0), 1640 (C=C), 2.87 (2H,-OH), 3.95-4.35 (10H,-CH,CHCH,-), 5.56
1450 (CH,), 1050 (C-0) and 6.12 (4H, CH,=), 6.68-7.26 (8H, aromatic)
Bis-GMA-EPh 3630-3250 (OH), 2960 (CH.), 1.57 (6H, -CH), 1.96 (6H, -CH3), 3.15 (2H, -OH),
1730 (C=0), 1640 (C=C), 3.98-4.15 (10H, -CH,CHCH,-), 4.45 (8H, -CH;-),
1045 (CH,), 940 (CH) 5.52 and 6.10 (4H, CH,=), 6.70-7.23 and 7.40-
7.80 (16H, aromatic)
Bis-GMA-ECh 3650-3200 (OH), 2940 (CH,), 1.60 (6H, -CH,), 1.97 (6H, -CH,), 1.40-1.98 (16H,
1720 (C=0), 1640 (C=0C), cyclohexane), 2.80-3.05 (6H, -CH-), 3.12 (2H, -OH),
1450 (CH,), 1040 (C-0O) 3.95-4.20 (10H, -CH,CHCH,-), 4.39 (8H, -CH,-),
5.60 and 6.12 (4H, CH,=), 6.70-7.35 (8H, aromatic)
Bis-MPPP 2960 (CH,), 1720 (C=0), 1.62 (6H, -CHj;), 1.95 (6H, -CHj;), 3.90-4.35 (12H,
1640 (C=C), 1045 (C-0), -CH,-), 5.52 and 6.09 (4H, CH,=), 6.70-7.40 (8H,
940 (CH) aromatic)

Table 2 Elemental analyses of aromatic dimethacrylates

Calculated (%) Found (%)

Bis-GMA-F C :56.13 C :55.99
H: 4.87 H: 4.9

Bis-GMA-C C :69.55 C :69.38
H: 7.30 H: 7.40

Bis-GMA-EPh C :65.62 C :65.49
H: 5.84 H: 5.91

Bis-GMA-ECh C :64.74 C :64.55
H: 7.10 H: 7.29

Bis-MPPP C :172.48 C :72.20
H: 7.55 H: 7.48

NI | -El ectronic Library Service



The Japanese Society for Dental Materials and Devices (JSDVD)

178 M. KAWAGUCHI, T. FUKUSHIMA and T. HORIBE
Table 3 Mechanical properties of unfilled dimethacrylate resins
Monomer Flexural Elastic Comprf§sive1 Ditirrrll;f;al AH&;);IC}E. of
composition strength modulus pro;l)?r;iltona stren gth sorption
(mol%) (MPa) (GPa) (MPa) (MPa) (1g/mm®)
Bis-GMA dry 149.1 (7.3) 3.53 (0.05) 116.3 (5.7) 430.2 ( 0.7) 58.9 (0.03)
:triEDMA =50 : 50 wet 99.7 (4.6) 2.15 (0.06) 76.1 (2.2) 324.0 (0.8)
Bis-GMA-F dry  156.7 (6.6) 3.74 (0.09) 118.9 (2.6) 438.0 (10.0) 55.4 (0.04)
: triEDMA=50:50 wet 119.6 (6.6) 2.87 (0.07) 99.6 (1.6) 345.1 (13.3)
Bis-GMA-C dry 101.1 (2.6) 2.51 (0.05) 74.6 (2.6) 305.1 ( 9.4) 62.3 (0.02)
2 triEDMA =50 : 50 wet 80.3 (2.4) 1.22 (0.04) 56.1 (1.6) 246.5 ( 6.0)
Bis-GMA-EPh dry 101.7 (3.2) 2.64 (0.10) 101.9 (1.3) 385.2 ( 4.6) 35.4 (0.10)
; triEDMA =50 ; 50 wet 61.4 (1.3) 1.50 (0.05) 66.2 (1.9) 243.8 ( 4.8)
Bis-GMA-ECh dry 113.4 (2.7) 2.85 (0.11) 99.0 (2.0) 367.2 ( 2.9) 40.2 (0.04)
; triEDMA =50 : 50 wet 70.2 (5.1) 1.83 (0.08) 67.2 (8.4) 260.1 ( 5.6)
Bis-MEPP dry  170.3 (7.3) 2.96 (0.06) 91.1 (1.3) 383.3 ( 8.8) 20.5 (0.04)
: triEDMA =50 : 50 wet 123.8 (6.1) 2.89 (0.07) 85.1 (1.9) 329.6 ( 9.4)
Bis-MEEPP dry 96.6 (2.4) 2.19 (0.06) 68.0 (1.6) 269.7 ( 7.3) 22.5 (0.05)
: triEDMA =50 : 50 wet 93.8 (1.5) 1.31 (0.02) 59.3 (2.4) 247.6 ( 2.8)
Bis-MPPP dry 113.1 (4.3) 2.48 (0.04) 84.5 (2.2) 337.7 ( 9.6) 16.8 (0.10)
triEDMA=50:50 wet 107.6 (3.4) 2.33 (0.04) 78.7 (2.7) 324.0 ( 8.3)
Bis-ME, ;PP dry  120.7 (4.6) 2.72 (0.05) 82.4 (2.3) 357.7 ( 7.2) 18.2 (0.02)
:triEDMA=50:50 wet 115.7 (2.4) 2.57 (0.08) 79.7 (1.0) 326.6 ( 4.0)
(SD in parentheses)
Table 4 Results of comparison test for the mechanical properties
Compressive Diametral

Flexural strength Elastic modulus

proportional limit tensile strength

Dry Bis-MEPP Bis-GMA-F Bis-GMA-F Bis-GMA-F I
Bis-GMA-F Bis-GMA Bis-GMA Bis-GMA
Bis-GMA Bis-MEPP Bis-GMA-EPh Bis-GMA-EPh
Bis-ME, PP Bis-GMA-ECh Bis-GMA-ECh Bis-MEPP
Bis-GMA-ECh Bis-ME, ;PP Bis-MEPP Bis-GMA-ECh
Bis-MPPP Bis-GMA-EPh Bis-MPPP Bis-ME, (PP
Bis-GMA-EPh Bis-GMA-C Bis-ME, PP Bis-MPPP
Bis-GMA-C Bis-MPPP Bis-GMA-C Bis-GMA-C
Bis-MEEPP Bis-MEEPP Bis-MEEPP Bis-MEEPP

Wet Bis-MEPP Bis-MEPP Bis-GMA-F Bis-GMA-F
Bis-GMA-F ‘ Bis-GMA-F Bis-MEPP Bis-MEPP
Bis-ME, ,PP Bis-ME, PP Bis-ME, (PP Bis-ME, ;PP
Bis-MPPP Bis-MPPP Bis-MPPP Bis-MPPP
Bis-GMA Bis-GMA Bis-GMA Bis-GMA
Bis-MEEPP ’ Bis-GMA-ECh Bis-GMA-ECh Bis-GMA-ECh
Bis-GMA-C Bis~-GMA-EPh Bis-GMA-EPh Bis-MEEPP
Bis-GMA-ECh Bis-MEEPP Bis-MEEPP Bis-GMA-C
Bis-GMA-EPh " Bis-GMA-C Bis-GMA-C Bis-GMA-EPh

Resins connected by bars were not significantly different.

NI'|-El ectronic Library Service



The Japanese Society for Dental Materials and Devices (JSDVD)

MECHANICAL PROPERTIES OF UNFILLED RESINS 179

wet conditions, except for the Bis-MEPP resin. Although the flexural strength of the Bis
-GMA, Bis-GMA-F, and Bis-MEPP resins were higher than that of the other resins under
dry conditions, the Bis~-GMA-F and Bis-MEPP resins showed a significantly higher flexural
strength than the Bis-GMA resin under wet conditions.

The Bis-GMA and Bis-GMA-F resins have a higher flexural strength and elastic
modulus. The elastic modulus of the Bis-GMA-C, Bis-GMA-EPh, and Bis-GMA-ECh resins
was significantly lower than that of the Bis-GMA and Bis-GMA-F resins under both dry and .
wet conditions. The Bis-MEPP, Bis-MPPP, and Bis-ME, PP resins showed a slight
decrease in elastic modulus under wet conditions, while the Bis-MEEPP resin showed a
significant decrease. :

There was significant difference (p<0.05) between the compressive propotional limit of
the hydroxy group-containing dimethacrylate resins and the other resins, except for the Bis
-GMA-C resin, under dry conditions. The Bis-GMA-C resin showed a significantly lower
compressive proportional limit than the other hydroxy group-containing dimethacrylate
resins under both dry and wet conditions. The decrease in compressive proportional limit of
the Bis-MEPP, Bis-MEEPP, Bis-MPPP, and Bis-ME, PP resins in water were lower than
that of the hydroxy group-containing dimethacrylate resins.

The diametral tensile strength of the unfilled resins were slightly decreased under wet
conditions. The decrease in diametral tensile strength of the hydroxy group-containing
dimethacrylate resins was higher than that of the other resins. These results correlate with
the above-mentioned results in flexural and compression testing.

The water sorption value of the hydroxy group-containing dimethacrylate resins was
higher than that of the other resins. The resins based on hydrophobic dimethacrylates (Bis
-GMA-F, Bis-GMA-EPh, and Bis-GMA-ECh) showed relatively lower water sorption than
the Bis-GMA resin.

DISCUSSION

Analysis of the results obtained in this investigation indicated that the mechanical
properties were clearly dependent on the structural nature of the dimethacrylate. The seven
types of dimethacrylates contain a bisphenol A backbone. Previous report indicates that a
dimethacrylate containing a bisphenol A backbone is a rigid and brittle polymer!?. As would
be expected from the report, the Bis-GMA and Bis-MEPP resins were highly brittle nature
under dry conditions. However, the mechanical properties of this Bis-GMA resin
significantly decreased under wet conditions as compared with the Bis-MEPP resin. It was
also found that the mechanical properties of the other hydroxy group-containing resins
decreased under wet conditions.

Bis-GMA-EPh and Bis-GMA-ECh containing an additional two aromatic (phthaloyl
groups) or cyclohexane (hexahydro phthaloyl groups) rings, respectively, are relatively higher
molecular weight dimethacrylates (Mw=2869.9 and 909.0, respectively) than Bis-GMA. As
expected, these dimethacrylate resins showed a more hydrophobic nature than the Bis-GMA
resin. However, the mechanical properties were lower than Bis-GMA due to their higher
segmental mobility. If these types of dimethacrylates are used in resin components, they are
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capable of giving strength, impact resistance, and a lower polymerization shrinkage to the
cured resins.

On the other hand, the mechanical properties of the dimethacrylates without hydroxy
groups (Bis-MEPP, Bis-MEEPP, Bis-MPPP, and Bis-ME, (PP greatly depended upon the
segmental mobility of their aliphatic side chains. The Bis-MEPP resin showed a highly
brittle nature, while the resin based on Bis-MEEPP, which contained longer side chains, was
flexible. Since the oligomeric Bis-ME, ;PP which has been used as resin system for some
dental composite resins, is a mixture of a dimethacrylates with various lengths of side chains,
the mechanical properties of the Bis-ME, (PP resin could not be compared with those of the
other dimethacrylate resins.

The Bis-GMA-C has a cyclohexane ring in their backbone. This cyclohexane ring could
result in increasing the steric hindrance on the network formation, which results in increasing
the residual unsaturation in cured materials. The limited mechanical properties of the Bis
-GMA-C resin would be caused by these polymerization defect.

With respect to the Bis-GMA-F monomer, the fluoro group-containing dimethacrylate
has some advantages for use as a dental resin system. Hirabayashi and Hirasawa'? reported
that the fluorine-containing dimethacrylates were effective in decreasing the refractive index
of the monomers. Furthermore, several researchers indicated that fluoro group-containing
monomers increased the hydrophobility of their polymers!®'¥. In fact, the Bis-GMA-F resin
in this investigation showed higher mechanical properties than the Bis-GMA resin under wet
conditions. These findings suggested that the Bis-GMA-F resin system would be effective for
the base monomer system in visible light-cured dental composite resins.

CONCLUSIONS

Nine types of photopolymerizable unfilled resins were prepared, and the effects of
monomer structure on the mechanical properties of the cured materials were investigated.
The results of this investigation revealed that the mechanical properties of these unfilled
resins were highly dependent upon the monomer structure. The hydroxy groups-containing
dimethacrylate resins showed a relatively higher reduction in mechanical properties under
wet conditions as compared with those under dry conditions due to the higher water sorption
for these resins. On the other hand, the mechanical properties of the resins based on
dimethacrylate without the hydroxy groups were related to the segmental mobility of their
side chains. The results of this study also indicated that the fluoro groups-containing
dimethacrylate resin would be an effective resin system for visible light-cured dental restora-
tive materials.
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e fe, BEESE, EH &
R EBAF BRI TEHE

BFRICER T = /) —VEBRPET29BOIAY Y
Y1 — b (Bis-GMA, Bis-GMA-F, Bis-GMA-C, Bis-
GMA-EPh, Bis-GMA-ECh, Bis-MEPP, Bis-MEEPP,

Bis-MPPP, Bis-ME,;PP) & triEDMA X D KA XES
EID unfilled resin % 3E L, EEEOEBIME & Tk
HERRETZIEIED, £/ v —DOTHEELESHE
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OWE L DR ERET LIz, EAT7 2/ — VAR T VA
UERAT7 2/ —VABKEETREYAY 7YV —DE
Bk, BB RIFLBBIEEEZRL, SEAEOD
WD, B/ —OSFREORMENS & UBUKkHE
SO THEEZT PR o, £z, EH)

233

PRZLBIFFHEEDE /v —Ti3, UEEECL2 Y
DEEZONLYEDETERD SN, 7A s
FTAERT7 2/ —VEBBOY AY 7Y v — biZHEY
BRI ER o CeibkiEERL, BERAVY Y OR—
A/ 2= L TOHFRENTRBINT,

ABFRFEDRL D IZB ) 2B D MR

Bz, H EB—ER
BB A T s R TR

ABF DL DY DT OSBRI 72 <,
KRIBIHDIRAIBE >, B THEFOREEAEEIZD
BERCB T 2BEMHOBHCRKE{BETLI LD LA
SNBIEDSEBETHD, AFFE TR R UNEHEE
AN AIEEB 2 b bW ITARTRFEOER T b
HEROHE 2RAZ,

AREHIBREOHB L e Fitii e~  sub vy —
WCERPRIC YT LR Bt L 7, MR R FERIRE %
1°C/min OFEETHEL, 23°C 25 150°C DB LI

bleoTEBIRo7,

B (G) RBEO LR > ThFrickE k3
ERADSH SN iz, REWC L 2WEROELIZ/NES» o
7zo HKE (tan 9) 13 I5°CAHEIRE —2 »H 5z,
IPC KBTS 0 HORBOHERDBEIT/NEVLHDT
5.77X10* dyne/cm?, K Z v % @O T1.06X10' dyne/
cm? TH oz, SRROMMER LB 2ER L 7-8BF D
BRE & ORICEARE LB IE A S iz o7z,

MKG 2 & 2§85 D &8 D 17
217k, MKG &R0 MEx o i 2 DEIE
SPIHERE*, 1 FE, WEEEr, BHEER, NEYk

* FUIH SRR B RS — AR T

B BT 2 ETRLERZBOLEIL, Z0HE
MCBRBER TV BRETDIIETHE I, £ K
WYyl s FUF»—IZBWTIR, TOZEEFRFER
REETH 2, ZOMBERBHRT 21D THERN S, /0~
Ve FUF v —DHHE OB BB 2 MTT B 2
EWE->THRELED ETIHABA IV A Y ¢ =Y
%, itk BRERE, ZoMOFEERA-TRE
NS OMELDH S, LHL, WIEFNZRITHLE

> SN BRI S R T R

BRRHETH o720, VEECHEESD 2% L O# S
H5,

EESIE, HEOZRTHLEB2MIT 200D
MKG %583 % 2 L 284, 5, 20 MKG 0fpic
DOLTHRET U2, Z DR, MKG O F 4 A v — FicE
RENBEEEFRICIE R D DT ANEL B 28, SERL
HRFERTARETH Y, HROBHOEENLEE I
BEhe FEETH2 2 Eo8¥BH L2,
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