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Abstract : In this study, 'H NMR spectroscopy and HPLC were used to identify the type and quantity of each
component in an acrylic coating materials applied for an automotive part. By the '"H NMR analysis, it was found
that this acrylic coating contained about 88.40 wt% of poly methyl methacrylate (PMMA), 7.05 wt% of methyl
methacrylate (MMA), and 2.36 wt% of allyl methacrylate. Polymer additives such as a benzotriazole light
stabilizer (Hisorb 328), an oxanilide light stabilizer, butylated hydroxy toluene (BHT), and dimethyl phthalate
(DMP) were also identified and measured quantitatively from the 'H NMR spectra. However, only two light
stabilizers were identified by reverse phase (RP) HPLC analysis using Bondapak C18 column, methanol mobile
phase, and a PDA (Photodiode array) detector. The contents of two light stabilizers in the acrylic coating were
measured by a quantitative analysis through UV-Vis spectroscopy and compared with the NMR data. The
analytical informations from '"H NMR spetra were better than those from HPLC-PDA plot.
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Fig. 1. '"H NM.R spectrum of an actylic coating.
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Fig. 2. '"H NMR spectrum of dried dissolution-precipitation
filtrate of an acrylic coating.
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Fig. 3 'H NMR specttum of condensed material during
heating an acrylic coating.
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Fig. 4. 'H NMR spectra of raw materials : (a) PMMA,
(b) MMA, (c) OX-3, (d) Hisorb 328, (¢) BHT,
and (f) DMP.
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Hisorb P, Tinuvin 234, Hisorb 327, Hisorb-328, Tinuvin 350,
Cyasorb UV-5411 ¢] 8}8t12 2w 159 'H 30|
FIE= 6 ghol FolA l=dl Fg. 19] 11.737 ppm#} &
&= 78 Hisorb 328]31  Fig. 20 4% Hisorb 328 ¢] wF
P g AHE HE dgde F4 was (Fig 49 @)
o] BT Ueldt}. Tuble 2015 &AM AA A=
0X-1, 0X-2 2 OX-39] oxanilide (NH-CO-CO-NH-) 29
T 74 FRe 'H J259] § 3ol 014 1 Fig 1 3
Fig. 22 9451 ppm 2 10,036 ppm- OX-30] A9} L}elje
2 o}7y T8 o] oxanilider] FFIAIY OX-38 X k=
Aoz F|eE 4 o o AYAoR AiEE
Tinuvin 312 5= Sanduvor VSU 9} 531 g3tE= x7hE
oh 39¥ oxanilidese] NMR ~#ES FAM3
(Tuble 2 B! Fig. 49} (c)) Fig. 1 B Fig. 29 T u=
A1 10020 ppme]l et 712 o-phenetidine®] 72

-NH-¢] 'H #]510]31 9450 ppmel] LJERE Z1-S-ethyl aniline
o] AtH 22| NHe| 'H ¥=z el Fig 2914
T H=ze] WAn= 111281 etyl anilineo] At H o=
o] 23 oxenilide = HEFE1FOX3 o] Aol =]

Table 1. Chemical structure of benzotriazole light stabilizers and chemical shift of phenolic 'H

OH

R2 Tinuvin P IR1=R1=H, Rs;= -CH
— N Tinuvin 234 R (=H, Ry=Ri= -C(CH 1);-Ar
g/N Hisorb 327 IR1=C1, R=R;= —C(CH 3)3
R, Hisorb 328 : R ;=H, Ry=R:= -C(CH 3),-CH,-CH;
R3 Tinuvin 350 : R ;=H, R,=-CH(CH:)-CH»-CHj, R ;=-C(CH ;)3
Cyasorb UV 5411 : R1=R2=H, R3=—C(CH 3)1—CH2—C(CH3)3
S (ppm)
Stabilizer . Oﬁp . R, R, R:
Hisorb P 11.094 H H -CH;:
Tinuvin 234 11.433 H -C(CHs)r-Ar -C(CH:)s-Ar
Hisorb 327 11.525 a -C(CHs}s -C(CHs)s
Hisorb 328 11.747 H -C(CH;),-CH,-CH; -C(CH;),-CH,-CH;
Tinuvin 350 11.455 H -CH(CH ;)-CH,-CH; -C(CHs);
Cyasorb UV 5411 11.188 H H -C(CH;);-CH:-C(CH3)
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WA} 1 (10020 ppm) 087 (9474 ppm)2 U} o
phenetidine] At Aoz o] AT AUYS & 5= A
Aoz BA B7HIS) A o1 2 TR 6l
L H]—‘Gl:_x_ Eﬂ A|HkE /‘/\‘/] ﬂ—]ﬂ‘gg 3] ‘_O]’E‘ 7)ioﬂ
el % T o (o) o) 44 M1 ol 3}
W wEAL s S o itk e whae

2 PMMAZ #7138 71412 553 A7) NMR ~9E

H(Fig. 2)914= PMMAS] H=A] (0CH3)9 'H =191
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FEE Kol MMAY] HFEL ulg oFelAl JEsa

BHT (butylated hydroxy toluene)o]] OH‘“A'OF— Ha2EL ¢
koA e

Table 2. Chemical structure of oxanilide light stabilizers
and chemical shift of oxaniliide 1H

Ri H_ (H) (H) H R
N——N

N N

p =
Stabilizer ig;[pl?; ;g‘% R: R
OX-1 9474 9474  -CHyCH, -CH,-CH
OX2 10024 10024  -O-CH:-CH. -O-CH,CH,
OX3 9462 10020  -CH.-CH, -O-CH,CH,

£43 BHE: Fig 49] ()9 Fo]A nle} 7o) 1431
ppm (s, 18 H)ol A tbutyl 25-2] 'H =27} 714 2817
ek 2.273 ppm(s, 3 H) ol A= wilAl el F2be o
¥ (CH;) 289 'H 927} ¥o] 3 5.011ppm (5, | H) ol A]
= uﬂlﬂ 29 'H 9527} 6.980 ppm (s. 2 H) ol A= vk
'He] $4=3=7} vehdt.
£ 7hgete] A g 249§
ol g NMR *J“E‘?j(Flg 3)oll A= BHT=Z A 7}5]
350 BT FgskA etk fdg 54 Sl
BHT2]o| %= DMP$} allyl methacrylae 7} )&= ¥=
Mg Ea & 4= St} o= 8 AANMR A
2 (Fig. 1) 2 24 220 NMR 251E¢ (Fig. 3o
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Ae MMAY dg=
ppm 5 6.103 ppm) -

T4 (=CHy ¥
| 5.584 ppm 2

FTAE (5565
1 6.142 ppmoﬂ allyl

methacrylate ] methacrylate 25 +0}~ gall 4
(=CH»)¢] F=2]=1E50] Ho|H 4.651 ppm 5 4.664 ppm
&) o]% ¥=+ allyl methacrylate &) -OCH,- 159 44

RIE LG L]
5365 pm¢] TAEL
T4 A5 R 5914 ppm~6.107 pprell 22 & HaE
od I35 -CH=l| | FHc v=z At o= &
A=tel
<o

5.236 ppm, 5.260 ppm, 5.322 ppm H
allyl “15-9) WE@ $4(=CH») ¢

AXfe] NMR g oA E<1ek 4= gl A om
I S=Eo NMR AdHeEH(

HEd (Fig. 3)oll4= MMA ¢}
allyl methacrylaie$]oll DMP % BHT¢] #2252 3olg
4 Stk o] & HIZFA AR Aol elr] Wil of
=12 wEaA 417 WAoo R AZFETh DMP
o] YA5L Fig. 49] (DA AR A3} FAskA 3916
ppm. (s, 3H) ol ®EA] (OCH3) ¥|=£2}7.5 ppm (2 H) % 7.7
ppm (2 H)oll F7He] WEks 4] va= ystgt o
eA, of=E =y AAle] EAlAE PMMA, MMA,
Hisorb 328, OX-3 = allyl methacrylate £ 30|
AL gall-3 % Aol A BHT=S
oz= DMP7]— ﬁ-s]-ﬂo} o1go
b ooz el A 9 2 @6
o7l BolE v BAEY Qi WNARE oAy =

B AA 9] A~ E- (Fig. 1) Felale] BE JRE
gk ARREA S 7158 st BHE 9o 54
gk AR 7}# e chuyl 189 'Hel @Y= g2

Tk 1.436 ppm°ﬂ*1 ey DMPe| 3jgEE EATaE
Folate Mg 2859 'Hel dgsE 327 3936 ppm
oA L}E‘rMLEﬂ olefg Avke 1 Fhgol wi-g- Aot &
Ak 4o $7F A AR B2 A go] i A
o7 A 4 ik w5, MMA, BHT, allyl methacrylate
2 DMP = /o] sl Az FHE A AF7EA A
A18] S 7] wlie] Alzlel wet ko] ME Ao
AZrEet whebA, Aol 43 E4ES NMR 44

=
H7IAE E3let 0}361 FEe) 7t YRS 3
BAo] pssteg ool wE 2Fe] NMR ifﬂ]E
# (Fig. 1)o] 32 WHAS olgslo] #astqirt. A4t W
W PMMAS] 75 3.646 2 3.648 ppmo] 1 EA] 159
'H GHmol) o] & I= WA (29.6993) S o4

A
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MMA 6.103 ppm o] w3l (=CH;) 252 'H #l=2] ¥
A (0.7888)2 @] Hisorb 328L ®m 29 'H
(1Hmol) =191 11.737 ppm ¢] A (0.0260) < 0X-3 2]
73$-ol| oxanilide (NH-CO-CO-NH-) 189 F 7}4] %
9 'H 955 2H/mol) 9] 9.451 ppm & 10.036 ppm ¢]
A5 (005803t Frers etk vl AEow
= allyl methacrylate/] -OCH:- 159 'H 2 Hjmol) ¥z
9l 4651 ppm 2 4.664 ppme] o]F =] WA (0.4224)
2 o]4-3}e] BHT= t-butyl 1% (18 Hfmol) ¢ 'He] a5
5= 1.436 ppme) WA (03786)S DMPE wE (3 Hjmol)
352 'Hell el g 3.936 ppm o] vEht 2=1e) WA
(0.0246) = ol-g-5te] kS ALt stk ol FH 9
7y 2giel dsl Aste Ads Table 3] FolA glal
PMMA 7} 88.40 wi% 2 FAIEo|aL vHRS- ﬂr%kzﬂ%f—_
MMA 7.05 wt% 9} allyl methacrylate 2.36 wt%= X33}l
Nom FA = OX-37} Hisorb 328 0] U %L%“’d
0.82wt%, 12} 2+3PA A & BHTE 041 wi%, 202 7
2A1Q1 DMP7} 0.14 wi% ¥E3FE|o] itk o]7]A] allyl

olF A%S 7 Mz sle = Tl
< 3 SIS 4= AZd.

—_

methacrylate =
9 9%

Table 3. The composition of an acrylic coating
calculated by the NMR analysis
Component Mole M0'1e Moleeular Weight %
content fraction ~ weight
PMMA 9.90 0.9013 100.12% 88.40
MMA 0.79 0.0719 100.12 7.05
Allyl 0.21 00191 12616 236
methacrylate
0X-3 0.0293 0.0027 312.49 0.82
Hisorb 328 0.0260 0.0024 351.49 0.82
BHT 0.0210 0.0019 220.35 0.41
DMP 0.0082 0.0007 194.19 0.14
Total 1098451 5000 100 %
mol

* Molecualr weight of repeating unit

OX-3 2 Hisorb 3288 31840 = ol=al el
S BOAA YRS BAF FRE 2E A
A AHgE A BAE S b ok E
7] A olag 3y geld] B AR BFe

4 HPLC £A4& PDA HAV|E AMSste] Sule
W22 g (isocratic condition) 2 AM-5}A A

Ao 2 octadecyl (C18) & AME-310.H A AL H]
)‘5]_9_ 73—:!7]%{] ]H]—Z: }\‘]Ho] U}_Q__{,\j_‘ _E_ }\]

=
=

7ol Aol Aoz AZtAL. vge gajol BHT 4t}
WA A A FFY oxanilides (2 /‘E‘?}ﬂ 3+40), Hisorb
2.

(045ym) 2 o7 g v} HPLC v‘f—*ﬁq /‘]Ei AME-8F
ok FUgk a8 UV-Vis EFF=AR A8l d2
»~HEA A §4 97359 ¥4 HPLCAZAtE
a7 §EATLE EYTFIEMO|EY] HIbA EAA =
A dlole’ & Foksto] Tuble 4o Adigict.

Table 4. Trade names, UV absorption peaks, and
retention times from UV-Vis spectum and
HPLC chromatograms (dstector-PDA, mobile
phase-methanol, column-Bondapak C18, flow
rate-1 ml/min) of pure additives

Additives ﬁiﬁiﬁ »max) ﬁﬁﬁ;’“ Time
(nm)

0X-1 210, 269 3,694

0X-2 22, 306 4360

0X3 212, 279, 301 3,699, 3944, 4310
Hisotb P 217, 245, 304, 339 5.030

Tinuvin 234 214, 302, 343 4977

Hisorb 327 219, 250, 311, 350 6.167

Hisorb 328 218, 302, 340 7198

Tinuvin 350 219, 245, 304, 338 5437

Cyasorb UV-5411 216, 242, 298, 336 4770

Trgafos 168 209, 222, 271 9.754

BHT 208, 278 3,950

Irganox 1076 210, 277 9269

Irganox 1010 208, 276 4290 and 4671

olas 28 §akA AL B et
A (Reverse Phase) HPLC &4
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Fig. 5. Peak apex vs. retention time plot obtained from

the HPLC (PDA detector) 3D result of dried
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