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Synthesis of a nano-antibacterial inorganic filler containing a quaternary ammonium salt with long chain alkyl and
its effect on dental resin composites Wu Junling?, Zhou Kaiyun?, Zhu Ting*, Zhou Chuanjian?. (1. Dept. of Prosthodontics,
School of Stomatology, Shandong University; Shandong Provincial Key Laboratory of Oral Biomedicine, Jinan 250012,
China; 2. Research Institute of Polymer Materials, School of Materials Science and Engineering, Shandong University, Jinan
250061, China)

[Abstract]  Objective This study aimed to synthesize a novel nano-antibacterial inorganic filler that contains a quaternary
ammonium salt with long chain alkyl and to report the antibacterial property of dental resin composites. Methods A novel
nano-antibacterial inorganic filler that contains a quaternary ammonium salt with long chain alkyl was synthesized based on
previous research. The antibacterial property of the filler was measured. The surface of the novel nano-antibacterial inorganic
filler was modified by a coupling agent to achieve a good interfacial bonding between the filler and the resin matrix. Infrared
spectrum analysis was carried out. The modified novel nano-antibacterial inorganic fillers were then incorporated into the
dental resin matrix. The dispersion of the fillers was observed and compared with those incorporated into Tetric N-Ceram, a
commercial resin composite, under a scanning electron microscope. Streptococcus mutans was used in testing the antibacterial
property of the dental resin composites. Results A quaternary ammonium salt with a long chain alkyl was successfully grafted
onto the surface of nano-silica particles. The novel nano-antibacterial inorganic filler that contains quaternary ammonium

salt with a long chain alkyl showed stronger antibacterial efficacy than the antibacterial inorganic filler that contains quaternary

ammonium salt with a short chain alkyl. The modified novel
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mutans compared with the control group. Conclusion The novel nano-antibacterial inorganic filler that contains a quaternary

ammonium salt with long chain alkyl showed a strong antibacterial property. It also exhibited good compatibility with the dental

resin matrix after undergoing coupling treatment.

[Key words] quaternary ammonium salt; coupling agent;
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Fig 1 Infrared spectrum analysis figure of novel nano-antibacterial

inorganic filler containing quaternary ammonium salt with

long chain alkyl (red) and nano-silica particle (blue)
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Fig 2 Infrared spectrum analysis figure of novel nano-antibacterial

inorganic filler with surface modification by coupling agent
(blue) and novel nano-antibacterial inorganic filler without
surface modification (red)
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Fig 3 Surface morphology of resin composites containing novel nano-antibacterial inorganic fillers SEM
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Fig 4 Surface morphology of Tetric N-Ceram resin composites SEM



Py nEEEAGE 3248 W51 2014410 J)

West China Journal of Stomatology Vol.32 No.5 Oct. 2014

http://www.hxkqyxzz.net 517

2.3.2  FrHTRAORYUR JCHLER A A IR BT E
AE SCRAL . X RRALM TS S5 1 1.620.5
M15.2+1.3, M TEBHAANMMIESS i, HILH
WilcoxonFkFIKE BG40 47, 240 18] A 22 FAa Giit=4 7 X
(Z=2.553 6, P<0.01) , UiBIR AW AR INHAIg)
Kt B TOHLIECRLE X A8 SRR B A R P Bk o

3 1Tie

AT PR AR Al AR T 2 BRI AR R B
BEVERES]: — AU LA LB E s, —
SEAER IR I E S DU B RE SR . X PR AR
RIS T —E BORICR , ABAFLEATO TR I R B 52 i
AAS B Y BAL PR RESE IR . JET 0, ARSI
S TR A PEREA T, il & BRI Mino ah
K TAAACRERURL, BIAOTTEA SRR, XA
FHEA W R RPTREZCE, E8EE TR SRR AT
WVERE ) A ER AT . fEIE A b, gt —2 4R
R YU BRI DT P RE R T TARREL S . ecdh
RAPTRPLE] L2 AT W R T G A 20 7
ANMIRTAT, RAANMEEE, 5 A BSR4
o LuSER F AT T S AR AN AL e R I A R SRS
RGP, I LA T PR TERE, 45RRW],
WEE BER 3G, ZEcEh DT AR A BT R BE L B
ZIe ZEE VO, TR A IS S
55 20 A AN B IR R A (R R K SN i, 1 — 2
BT AN M A, TR TR AR
AP RE . TR AT R I RE LA R A8 T3 55
DL mi s R B e 2 1 2= i 2 A0 0 1A T 9 1 4
Mo ImazatoRF VG i 1 KB BESE T R I P TR A
PR——HI LN T S T e SRR AR £, A 2
JERGRIMNRRTR L, BUSARE HESTE MR,
N RIEFIPTRZCR . ARTTEEFE /i 2
EEh i Aty ks, LAOVERASYERE oA I R A BT
HORL, BT B L (y- BRI
Ak SAERRIEORE, i B A A R e
FETHIE (y-=W RN ) pifbek, dd %
Btk 73— Ay e A AR R T AR R IR R Y S
WPERE, B SR AL 2 e 2k LA~ B Yy 542
BRI AR A RESEORER AT, 3 2o 47 ) B W AR 14 5
i, ERARERINE 3k, e HIE0R Y
EERAL T T H6Al . AW PR SRR, 3%
B Gk e 2= 4 R A AN KT OO BT v 1 fE
W R0 TR RO L T AR AR BT IO LR

—BRUL, YOKTCHUERL HAT Mk RE, HYS
SEMNRA YRR Z BV RO, AHEE T

25, Xl BRI T IR RO, A R AR AN
RHOPEEEAYERE , 200 2 18 4 9 2 7 A 2 DA 2l 35 40
KL I TCHLIURSURL 22 18 A 25 AR, i fiff FH kot
RIBE R X A K TCATLSEUAR 1A 72 TR e P (5 S — ol 7 (o
AR 5o ABIBTo7 rh & A fh b AN [
PR, — SR, 55 e
BALZERN 3 75— e R AR, fBS im0
TRV R A RE N ; XS T S5 A L
Wz p SR R THRRER, BE T AR A
iy, AP EMIRNITRZ IR RAR SIX,,
SERIA WLEEGAE e, R-y A K AR BT 5 55 4
TREVE A BT RER, W%
XM Rl K EIEA 5 T A B RN 1
ke A EL A 1A AT BT A8 R L R S o 2
TR ER B —a S A A, S A bR
BRI REIE RN, JFRERS I S N AR, TR 4y
IS y-MPS N o SXARFE A AR R A SEAFAE
FILH, IR, IERME M TR 1Y
PURERE; 0 — I NE R ERES , TR
FERS AR AL s 2 5 ] At i 540 i R4 A fb 2 58
PPERe, M TIHE SIS A . ashtig
SYBTEI, P2E T BE IR LA AL 1y s A
B A AR PR A R TE . MSEMMIERNIESS, &K
o LR B ER R AN B 2 M R o (B IR ) Ak B )
BRI JCHLEDRES F B IR AH A 1 R AT, e
RILIR N A o 3850 5 JCHLIERE S R g Sk pA A
RO, Ry A, SIgRRES AR, 5
] Z1 ] 28 S Al ok A LR A R A 2 A g ( Tetric
N-Ceram ) 7ERCMIESRE FAHAL, X 78431k B 7 78
O3 ARV A SRR 1A A B A Ry
FEEIGOR

F L, TR EA B R R TREH )
SRR, S ARG A R A B IS S A
18 A77E F 4 K TC AU 1 3R 1 A %) 40 K s - [ 7%
X5 AW FE H SEMALII I B — 3K, RIwI gk
Gk FIAFIAR S, WA SRR A 2
IR SE A A I AN SR h 9K G oy i, —
BRI E B e R R — 2 (9T H AR

AW IR AT IR 25 Ok E , S ilghk
LA TCHLIR Y Z AW e B RIFMBTETERE; (R
Bt TP JCHLER R AR SR R A B R 47, H
Tl SRR T kA AR, WS B R KT
TCHLIURN & B e e — AR R RIBL B AL,
PURRORFEA o FESEBRIG IR, BSR BT A kL
S5 NR ISR BERE, (FAx 14 [ 5 e g SL 1A
S I 285 v B TR R AS 25 B RS RIMT M, TR SR &4



PGP ek H32% 551 20144E10 J)

518 West China Journal of Stomatology Vol.32 No.5 Oct. 2014  http://www.hxkqyxzz.net

SR EBEVER, FUF THiE I AE, FTLLA L [6] Imazato S. Antibacterial properties of resin composites and

FR T B A ISE 80 T dentin bonding systems[J]. Dent Mater, 2003, 19(6):449-
REMKT 2R S IR 3 A R BT  By s RE 1Y 457.

T, AR OSBRI — D EE )y [7]1 Imazato S, Chen JH, Ma S, et al. Antibacterial resin mono-

] 4 o A KA T C LR S H 2 A R R mers based on quaternary ammonium and their benefits in

PR 2R I S ST e T B, Tizsss restorative dentistry[J]. Jon Dent Sci Rev, 2012, 48(2):115-

RHOB R AR, o R A DT R bR 125,

WGTERAE T — R T 2 A SRR o [8] LuGQ, Wu DC, Fu RW. Studies on the synthesis and anti-

bacterial activities of polymeric quaternary ammonium salts
[&2% 3CH#K] from dimethylaminoethyl methacrylate[J]. React Funct Poly,
2007, 67(4):355-366.

[1] FanC, Chu L, Rawls HR, et al. Development of an antimi- [9] Imazato S, Torii M, Tsuchitani Y, et al. Incorporation of
crobial resin—a pilot study[J]. Dent Mater, 2011, 27(4): bacterial inhibitor into resin composite[J]. J Dent Res, 1994,
322-328. 73(8):1437-1443.

[21 Zhang K, Melo MA, Cheng L, et al. Effect of quaternary [10] Kaehler T. Nanotechnology: basic concepts and definitions
ammonium and silver nanoparticle-containing adhesives [J]. Clin Chem, 1994, 40(9):1797-1799.
on dentin bond strength and dental plagque microcosm bio- [11] SRz, SRR, A1 (BIBG A Fh 2Ry s R 3]
films[J]. Dent Mater, 2012, 28(8):842-852. % Tolk, 2003, 50(11):692-696.

[3] LiF, ChenJ, Chai Z, et al. Effects of a dental adhesive in- [12] Lung CY, Matinlinna JP. Aspects of silane coupling agents
corporating antibacterial monomer on the growth, adherence and surface conditioning in dentistry: an overview[J]. Dent
and membrane integrity of Streptococcus mutans[J]. J Dent, Mater, 2012, 28(5):467-477.

2009, 37(4):289-296. [13] BESC Mg TR [M]. dbat ARTAE it

[4]  RIRWE, G0, SR, S5, HTAIAUKST R TR Y 2012:88-89.

BB TR M RE IR T ST [3]. ARV 11 I BE 24 455K, [14] Jandt KD, Sigusch BW. Future perspectives of resin-based
2012, 30(5):526-529, 534. dental materials[J]. Dent Mater, 2009, 25(8):1001-1006.
[5] Franklin TJ, Snow GA. Biochemistry of antimicrobial action (Ao REf)

[M]. London: Chapman and hall, 1981:32-33.

WXEBEMNRT: BEREIEIHENEETEM

LR PO SCRY T EAUNER ), BB EEE LN NA . 1) W, WS —I Tk, Al
INBEAEF B EOLILAE . REEFe. 2) SR E MO N A FVEE R . 3) EHEBRAEA A Mk
CARNFIRANE . 4) AMHRPEZEY P OARGE, EEARHEN RS H A NS ARZ.
5) SEAE T, FIREMW], T SRR RS IR, )T W RN, AR
PEEGTRE, RS ETONZBCR, REREERSURRE—E 6) MM ARG E. NERH
Ofeee AT TR L R T BURT L CHET T AT SEICITR DT AR B — R SR A 1 A ST
B, AR AT MEET FER. 7)) AHBISC, BRABMZSCERIESE SR E TS B AR .
8) EMHMIEAL A AR, AN BT S AR . BRTEE GG DUOORTER, AT
BRI SRS, 9) Rbh AT B IS4 . 10) FimE . meAR. (U, BR TAHSR LRI
REVE AR RO LASN, e U B 20 LA o 10) IR FH 1) AT v g T B o





