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2 9 BAA}YPL o]4de FU4b(Aldrich Co)& FAH3F M= 3709 &%% (Fi: 1,000-10,000
daltons; F>: 10,000-50,000 daltons; F3: 100,000-300,000 daltons).c.2 ®2|8 3, A ¥4zt oA A
C-13 8713 ¥PE o] 43l 2 234 724 BAE 79811, pH AP L o] 43l 7+ 21
29 7l2 844 247) e AAsideh FUAS F4oldae A wg 548 Fs] Y8l Eu
A3 & 4238 F2Akzke] A3 ([Eu ()] =1.0% 10" mol L', (HA) =470-970 mg L}, at pH 5.0)&
Eu(IID®] "Fo-’Do Aol& o] 8% 7] 2sledog Fysigict HIJd AMEA C-13 Ya}7| 2 23]
EY ¥4 73}, 100000 dalton o]4e] wRAlgpe] FEAb BAR= (Fa) £ AWE sayws shxo,
50,000 daltons ©]3}9] # ¥A4Fe] FUANF, F) $Ah= AdlH oz 52 ks gt ek 7104 gal
3l pH A4 A3} FRAS a0 2707} AASS o Fe 712 847) $ae HdE gk Eu
(IM-#FHA 289 7129 EYJ & Lorenzian-Gaussian A& o] §3lo] & A=}, F24 #29) 77)7}
ARSR A=z sy 937} o B2 oA oz o)Fagc) o2qt WA o5 AR FuA
249 2717t ARS4F Eu (D3 AYste FA sl B4 4ot 2718 Uehis Res,
C-13NMR 2# 23 #MlA 932 FulAb #be] 724l 2913 FJAAL Wi

Abstract: A humic acid (HA, Aldrich Co) sample was subjected to ultrafiltration for molecular size
fractionation and three fractions of different nominal size (F;: 1,000-10,000 daltons; Fa: 10,000-50,000
daltons; Fs: 100,000-300,000 daltons) were obtained. The structural characteristics of the size-fractionated
HA were analyzed using their IR and solid state C-13 NMR spectral data, and the carboxylate group
contents of the humic acids were determined using their pH titration data. The "F,-°Dy excitation spectra of
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Eu (III) complexes of the size-fractionated HA in aqueous solution were acquired ([Eu (IID)} = 1.0 x 107 mol
L', (HA) =470-970 mg L") at pH 5.0 using a pulsed tunable laser system, in which metal binding

properties of the size-fractionated HA were elucidated and compared one another. Characterization of the IR

and C-13 NMR spectral data indicated that the fraction (Fs) with molecules of larger size were primarily

aliphatic, while the fractions (F;, F2) with smaller molecules of less than 50,000 daltons were predominantly

aromatic. Titration data were consistent with an increase in the number of carboxylate groups per unit mass

as molecular size became smaller. The "Fy->Dy excitation spectral data of Eu (IIl)-humate complexes showed

that the peak maxima on these spectra were shifted toward lower energies with increasing molecular size of
HA. indicating the higher degree of bindings of the Eu in the molecules of larger size. We also discussed the

relationship of the lower energy shifts of the maximum peaks with increasing the molecular size of HA with

the structural differences of the size-fractionated HA.

Key words: humic Acid, solid state C-13 NMR, Eu (III) luminescence spectroscopy

1. A B

FUARE fFARE AAg 7R @2 Adal gk
E9] 874 E¢E=2A -COOH, -OH, -SH ¥2] A
21871 712 S8 AA (polyelectrolyes) ¥¥-A} &
Aolot! miepr FYARE AdA] EAsHe Féol
L(224)F ¥ Y AfeF 7, oj84]
AN Agel T8 JIL 7NAF? =3,
FAke BAbgo] fufoll M SAlTkel o] 2 vhpal
A (polydisperse) B3 o|=, ¥} =7)ol wie} ¥t
o] Fx 9 FEol e uhgA Foll B 2e)7}
AUx Aoz ByH3 Y

32 o, 3349 A%l 4 FAe J3e
Bl J&sA Frlslr) Slstd AAle] AR
B-fol] o2 ety 23 84 7 % Gl
2o} whg-4d el WEt dyst s AT
2)c}57 Rao2} Choppin’2 A2 o}& Exlgkg 7}l

F4kzt Np(Vy=he] 2% 84& oz dF
sl 393 AgAe ¥F(meqg )€ 7 FY
Al BApJe = B3l $AFe] 4% Féold
o 7 AE YAFE vud vl i ojE
A A0 e FHAL BAE) T2 8445
A, fAe] 7)o weh F4olL-3te] AgAlE
Aol gar] WFoz Aljdst webd, ¥AF 2
7ol w2 FUAre] FxA BAF Fo| 2] 3}
313 kS EATe] vin AT 37 3P FHe)

A 83 ¢Ju)g spAlc

2 dFelNE FUA} Fol e ARgbs
EAg 7987 $Asted Eu () e]&2] "Fo-"Do Aol
& AM33 Eu (D) W3S o83t Eu (D
o]-&9] "Fe-°Dy Aol wistAell B iV 2F
H]2E (nondegenerate) 5] glom, Fro] 2t A
3= 2]7tk=el 23 AAA ZebA (crystal field split-
ting) HAto] YA3R] gh=ct® wlebA], Eu (1) o]-&¢]
"Fo-’Do Mol 2RE] el 7] A= 7 (excitation
spectrum)eil A 2] | =] = Eu(ll) 2A3E F
(species)®] o} Zvhs 2& o3t of2)d A
02 <3l Eu(lll)o] 2] "Fo-*Dp Hel& o] 48 v}
He A wpat Bl Fz F9° Y Dawra innoxia
Az F4 ARl B4 A ez EofllA
323 Fakg EjAle] F4 ZAgAe 47 5
95 g4 3 2

¥ d7e vegdz del AM-HE Aldrich #9
AME gkl a g AMESle] BAlEdz Feid §,
A (IR)3} C-13 Y| g7 (NMR) ¥4 & |4
7} AR 72 §4E& sk A4 vws}
A}, =3 Eu () ¢]-22] "Fo-"D ol 2RE] deiz
7] 2~HEYE o]fsld Bl =/E=E R
FOAka <ol 2ake] 3L uk-g §AIR sk
o} oAbl A deix]l AAE =iz FA 2R T
22 BEAF} F4ol2ate] A3y} ukg A Alel9

& FgEa
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2.1. YA AR

F2A} A&+ Aldrich Chemical Co. (H1, Lot-No
675-2)2RE] F0sle] ANl BAERE YEE
218 #AF 29 (stock solution)2 1§ FI Alef €]
Aldrich #2AF(Nat) 1.0g8 1.0M NaOH 5.0 mLej|
AA3] ol 1 X 1073 M tris 2+3A|[tris (hydroxyme-
thyl)amino methane, Aldrich Co)& =¥¥3sl= 0.1 M
NaClO, 848 o] 83l 5L2 F3 oA 200mgL™’
ez Azt o] FAeA 0.1 M HCIO. & AR
2 pHE 852 P29 ool U1 9
b 2l (SL)E dAHH o] e e} o
2% A#-87] (Amicon)oll ¥ H, 93 =719 cut-
off Bt HE{r} Abatgl 200mL 8-8F2] o) IabA]
(ultrafiltration cell, Amicon model 8010)& EHA|H
oh AR AdA A7) 7P Y9 cut-off B ¥
E{(300, 100, 50, 10 B 1kDa)& x33)|7bdA] $3938)
A, A 27 eMdR g3 2 FA 4
€ 4dgick F (1-10 kDa), F; (10-50 kDa), F; (100-300
kDa). #2]€ 7} SH-& 54 X (freeze-dry)sled
+ B3 Az 9 & APl 7 AE B
& Z2A3-

22.717| % AY 4Y

#F4He] IR A% =32 Nicolet 520 FT-IR¥-37] &
AMgsle A9l B4 Alsx 243 Axd KBr
(FT-IR grade, Aldrich Co.)2} F24AH2- ¢} 100: 19
2A) ug2 4L ¥ pelletso 2 grEo] ARl
F24k2] C-13 NMR A#) E&.2. CP/MAS (cross-pol-
arization with magic angle spinning)7]"§-& Ap&-3t @
AAe) H=pr] FHE37] (IBM/Brucker WP 2008Y,
at 50.325 MHz)& A3l Ao 232 90° (4.5
us)®l BAF3 1 mse] #H&A]7} (contact time)oll A
$3)5l9d on, 4 0KHzS) Aexs} 3058 FA %)
A7} (relaxation delay time)& Fioh 38 A&
o A2¥ (SNE 7H A ERE 97 HEte o
1.0x10*412] FAM4l & (FID’s: free induction decays)
7} ested 2ie}.

FUA) FhRU 48718 Y (meq g
pH A& o848l AAsieich BA Alze &7
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Ak 40-50mg& AP Helo] KA 879 2 0.0M
NaOH (COs free) 20 mLol] 2HA3] =o Fu)z}dd),
A2 ]z pH-uv|E] (Accumet Fisher, model 950)
2} -2l (Metrom, model 665) 3 #2)Z-5 (Comning).2.
2 FAE AF AHA AAE AMslelen, 004M
HCIOs& AMe-3}ed pH 115004 23742] $ala)oic}.
EE A AL FH7) FlA ojRoiFed 25
E 9A 25°0)sH A5

23.Eudll) 43 237

ol el gt Fake] A5 AR Eu i
2] "Fo-*Do Mol & o]-48 7] AMEFHE o] 43y
o2 AYolA ARl gle)A B37]7]) Ao g
AAE A Y| B35l gtk F9Y& Nd:
YAG # oA (Quanta Ray PDS2)2] = wix z3}s}q)
532 nmol| A} Y A|Z] A 43 o)A (Quanta Ray DCR
2A)8 AHE3KTt o] W 580 nmell A SAE HA o
VA= oF 30mlo)eich Aax 573-593nme] A%E
] W9]2] Rhodamine 5903} Rhodamine 610 (Exciton
Chemicals)2 djgkg Lol A 50:50 (viv)ea &
3ty =ABIch A HeolHe W= 10cm™!
2 A3 1, dlo]A "o vpl= 10nselgle}. o
T~ ERYL A el 7hd 3 ()& 57770
olA] 580.70 nm W7 AAA 0.0 nmye=z W
A F)HA Eu (ID)2] De-'F, Ao|2RE] wbsdsx
A 2E 616 nm Qem)oll A FAHF o2 ozt
2 gl dolal "F-'Dy o) ¥ e A
A 2% dlolE) 4t o 3007) Axolgich Yo
2. F94 SN Eudnel $3 Ase §
Abell 2% A}l F &7 (self-absorption effect) 2 Q)
glod w9z mheka] Fp-"Dy o} 7) A% EEiate]
7} &3 Aol A 2009 o]4}e] #HolA HAE
Fohsto] ALgato TN BAlel 34 SNE 4 2
Hede doioh BE 7] AdEYy e Asx7)
(GPIB)E IBM-PC32} F-5-A1A i} dejal dlofg]
= Sigma Plot (version 5.0, Jandel Co)& o] &3} B
Al gr)| A e8 S Lorentzian-Gaussian 2] ¢l
I+ exp{-0.5[(x-WYLIPH{[(x-WYL+ 132 Marquardt
H] A3 (non-linear regression)A] 2} Simplex X2 13
& AMsted EQIELY o474 1e F1|3M)7), W )
A 183 L AEg epic

Eu (ID)-FAF 23qHEe] of7| a8 el JAje
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9] Eu(l) 243} Eapapd a4 Aag &g
dted £u|3 Alg g 1.0cm Mo 3387 ¢
< F HY L At 48417 B WA ¥ Ao
2 Aol AR FA Al AR 2 40-
100 mesh®] Dowex 50W-X12 (Na*) o] &w§ x|}
At - 97] A (acid-base precipitation method)§ ©]
B3t HAFozAM F&oj2 BEEE A
o}!% =3t Eu (1) 289 %001 M) Az
Eu20:(99.99% Aldrich Chmical Co.)& conc. HCIO4o}}
=9l %, kAol 20% hexaethyltetraamines3} X)A]
efo 2] xylenol organge& 713t ¥ EDTA HA&
T3t ZABHO 2 Als 449 HF [Eu)
FEE 10X 107 M|l aL, FA e ¥AlaPd
2 Felg a8F Fakl w2} 470904 970mg L-!
9l o)2lct. gelo] pHE 0.1 M HCIO & AMg3led =
Astd.om, Eu(llDe] 4=3pikS-(hydrolysis)o2 1%k
2218 uH3leddle] 5.01+0.12 Wgict 2E AY
< AX(23°C)ellM F33igict

dn Ao D@

31 Feite| BY 7Y

3.1.1. Bxja 2

200mg L' (pH 8.5, o] 27} % 0.1 M NaClO,)2} ¥
= AN A 278 B A3, EelFAeA
9} pH ¥3} (£ 1unit) Y o] 27} =2] Wizl e ¥-73}
T A" Q= A4E 9& 4 AU 919 AY=
X B2 271 oAl 37 42383 7)o
A ¥ sAEE: 923 o 1-10kDa (F)o]
10.0%, 10-50 kDa (Fy)¢] 42.2%, 100-300 kDa (F)o]
8.3%0)g]}.

312 IR AHEZ

HAEpd 2 Beld A8 FUAT) unfractionated
FOAe) R 29 ERE Fig. 19 Jepiie 28 A
HEolA FYAL] HYH X F5ald s}
£ 3,400 cm™' (H-bonded O-H 412, 2,900 cm™ (A}
% C-H 41%), 1,600-1,650 cm™' (COO"8) C=0 41&
= ketonic C=0 412 3! COO ¢} ##]-& u}gk= C
C), 1400 cm ™! (A4}=F C-H F3¥ ¥ CO0 9] nvg)
| A% Bol BREAG? wreb IR ARE F
AbZ} unfractionated FRAY B319] 2t47) 7| =

BT

(a) A
/
I[ ]
/ /
i
(b)
o
R
£
2 |
-g ()
(d
T T T T T | T T
4000 3200 2400 1600 800
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Fig. 1. Infrared spectra of humic acids of different mole-
cular size ranges. (a) unfractionated, (b) F) (1-10 kDa), (c)
F3 (10-50 kDa), (d) F5 (100-300 kDa).

Aol M2 fAHE o 4 Ao 22 2 zHe)
o] AdAQ] FX XE AAsFE 1l H)e
o 7] xpe]H o] HAF ST 100,000 daltons o] A}
o 3 BAFF QEA B AdEge fa 48R g
Ak A¥ ERol] b3l A& C-H AF 4% o4
o 2900cm ™ol A v FF3 Fouz) velgton,
Fr2847] 9 W) skt o] Aj el 2§t o
el 1,620cm™'3 3400cm™'e] F4u] Al7]= A
Aoz A vepdo}. vh, 50,000 daltons o] 3}e] &
At ¥ Fi3 F, A8 ERH L 1,620em oA 738}
F5uE Bgem, 2900 cm ol M= vl¢ o8 F4
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o& Bt o3 A Al & FUA A
7} 22 AHE A4S Holw, Koz wikEs)
72 B8AAL 2ha7) g 2 Babege] FHA #
Al A o] = A& 2)u|dl). 84, unfractionated
Folabe] AW EY (Fig. la)olAl: HASA| -2
1,050-1,150 cm~ el A 2] 733t F<ulr) ARE Fa)
9] A" e FFEHUG. o] F5dE Si-0 AY
& 7H BB EAE Yeps oz, gy
3} BaAolx FAL fAg Fol wd AR
A4-8-2] (fiberglass) WA A 247 (reservior) Y
oA o} 1} Aoz wehec

3.1.3.C-13NMR AHEZ

By 3740 ABE FUANY unfractionated -
DAk B219] 7|8 FRol|l dgt e 23 g
Z%X CP/MAS C-13 NMR ~s| 3¢ Fig. 2] v}e}
Wgleh mE 2w E3]e 0-90 ppm (RS &) o}A
o] 738 3=, 110-160 ppm (W3S &k} 160-190
ppm (FF2EA &) A Y& HAIER oA
FlAke] YAl C-13 NMR 33 B4¢ Jeplg]
oh ol gt Al BAlE Beldlw EFEa o
B FAE #Ape 7R FRE Al fAE,
unfractionated FNAAE FAHE vepig. 7 &
4 Yelo] Bxo) et Al HRE U7] H3te
ol xnmy whyel) e} ¥Mslg M o e
Table 19 JEIKS. ey A F2AL 20
kA el Al g B BAb 204 g
ci2 A Jebgtcl. 100,000 daltons o]42] ¥ #xiek
& 7B FEANE) BARE vl w2 ANE '
(71%)9} efd oz o WEks g4 (20%) % 7l=
AL )2 09%)E /M ¥ F2E RE I,
50,000 daltons o]3t2 H-AlgFe] 22 FHAM(EF, Fy)
¥ Aoz ¥ Y=kl WEE vk (40-
41%)8} 7128 A7) BhA(16-17%)2 o] Fo|3] Bz}
F2E 7HA L 9EE & 4 Uk o=@ Ades ¢
A IR 2% E3je] FAoA dojl Aol UX%
o}, o)9} & Flake] A} FRol|Ae] o) HE A}
Aol Fol&2te] kg W A (migrational
behaviour)el] 38& 7|3 4 g5}

3.1.4, pH MH HO|E4
Fig. 32 £%-¥ #74 Al F Fi(100-300kDa)e]
st dolal pH HAFA (Fig. 3a) 9 13} v]§ =
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(a)

(b)

(c)

:

(d)

T

ol b by by b gy
250 200 150 100 50 0

Chemical shift (ppm)

Fig. 2. Solid-state C-13 NMR spectra of humic acids of
different molecular size ranges. (a) unfractionated, (b) F\
(1-10kDa), (¢) F2(10-50 kDa), (d) F3(100-300 kDa).

Table 1. The relative intensities of different type of carbons
in humic acids determined by solid state C-13 NMR spec-
troscopy

Suckion Oyt o G G
O ppm)  ppm)  ppm) S
Unfractionated 55+2 3142 14+£2 056
F, (1-10 kDa) 4212 4112 16+2 095
F:(10-50kDa) 43+2 40+2 17£2 093
Fi(100-300kDa) 71%2 20+£2 9+2 028
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120+ : N
100 Do 1
i
I BO [omrr s ;.:’ J
D- ... .
6.0 |- -~ : ]
40 .
20 i 1 1 N I
30 F‘ J
. (b) <
. .
V] \d 0‘.
2 20r f’. 'y -
® oj .
2 o : .
E 4 A
L2 N
O . : .
10 - 0 : L .
~ : .,
g i 4
00 B — A 1 1 1 i 1

0.0 1.0 20 30 40 50 6.0 7.0
meq OH"/g Hu
Fig. 3.(a) pH titration curve of F; fraction (I=0.1 M NaClQ,)

and (b) Its first derivative curve.

Table 2. Carboxyl group concentrations and pKi (avg (0t =
0.5) values for humic acid fractions

Size fraction -COOH Average pK; vy
(kDa) (meq g™! HA) (a=0.5)
Unfractionated 4.381+0.05 42610.03
F, (1-10kDa) 5.75+0.05 3674003
F>(10-50 kDa) 4.77+£0.02 4404001
F3(100-300kDa) 3.31+0.05 4.67+0.03

Al (Fig. 3b)y& vtePJIch. Fig. 3b8] o) Z|agx|zy
B F; 24 £ate] 7t28407) §32 331 meqg!
9E & 4 AAUL o] H2) pH T2 821305 H2
AR pK. 3HE Fl28AAL 2hg7)9] o] &2 % (a)7)
271l wte} Abze] A717E AR SA A (poly-
electrolyte) B4-%2 B} Wl a=0.5¢042) pk,
&e Az FUA BAe) sl2BAAbe] HE Als
(PKa ) 2 FEI G T2 F24L Al deld s
st 2 whdoz pH AY AY AHg Ml
72247 Gk (meq g )VF pKawed FIAT

17264.70 cm™  17267.53 em™!

8 \5 /
(a) L

IR |

L 1n

Fluorescence Intensities (Rel. units)

| B T

I
17300

17240 17260 17280

Wavenumber (cm")

Fig. 4. The 7F-5DY selective excitation spectra of Eu (III)
complexes with fractionated HA into different molecular
sizes that have been deconvoluted by Lorenzian+ Gaussian
shaped curve. [Eu (Ill) : [-COO-] = 1: 20; [Eu (IID]=1.0 %
107*mol L}; pH=5.0%0.1; (a) F; (1-10kDa), (b) F: (10-
50kDa), (¢) F3 (100-300kDa); Acr, =616 nm.

o3l A7HE Tavle 20] Yepleh 2 A3t F4kS)
ERgpo] ZhAthol we} Tk RARke) Sepo] 2713}
Aem, Ao 718 el pk. ke Ak
et AT A A7k e KU BAUSE
e U Flzwade zgeh o 23 Ass
A& v,

3.2. Eu (ID)-§ 94 58 9| TFe-Dy 0§ 7| AB[E Y
Ealebd g Ralg AR FUake] Fdo] 24 o
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Table 3. Parameters used in deconvolution of excitation
spectra of EuHA complexes in Fig. 4

[Eu(IID]:[-COOT*=1:20

Fi | Fs

1-10 10-50 100-300

(kDa) (kDa) (kDa)
Intensity** 1490814  21.04622 73.03247
Wave number(cm™') 1726753 1726602 17264.87
Line width(cm™") 18.00074 16.29454 16.85556
Height** 6446507 1.066038 3.868263
Base line intensity**  0.197624  0.932415 4.202103

**arbitrary units; *[-COOH") = (HA) (mg L") X total carboxylic
contents (meq g') X degree of ionization at pH 5.0(%)

3 A% 5439 2pojHE W wd}r] 93t EudlD)-#
Ak g 7| AHEHS AW, 2 AIE Fig 4
of vepolet. mE A¥ e FY3 Eu(lD: 9
AF = ¥ 20: 1) 3 pH 502 27N At {7
AR} = (eq L )E UM pH Aoz ZAAg 7
FAke] st BAAL 5% (meq g )E AMSId 2A
3}edc)(see Table 2). oA 7] A €3-S [orenzian-
Gaussian A} & o]-8-8lo A8l 3, 71 A3}F Table
3o vepliic}. 'Fo-’Dy 7] A ER ] A7)
Fiell w3l Fy, F39}e] ZEeljA| AJjHoa of 2
viepdet w3 viglil 2 A7 e B, Fy AlBelAM g7
vepitet. o]t A 2Rl el RS B,
Faxlgell 9lojA] £33 Eu: F24F F=v](1:2008
7] i3l JlHoz o ¥ FE@EL DY #
Ak AEE A7) dEez Alsdd. AR
7HBA 32| Wo) didld 2 FpEE /B
gk opel FAS AYE F4029 oA olF
(energy-transfer) $-& 3} 43 (quenching) ¥A}-&
PR Aoz delA U

Eu(IID-F=AF 3g-29] "Fo-Dy 7|24 ERIS] A
¥z A= 17267.53cm '3} 17,264.70cm ™' 2] HY
o e, ¥AFe] AM4E FE o] Foz
o] (red shif)3}let. & Aol ot o B oy
A z2] Eu(D2] 'Fp-’Dy 7|29 E]e] | 3=z
Ax)9) o] 52 F&-E|= A % A £
7P gl B7te wi o) ahE Fole] fE ¥ A3
i Bol 7108 ez duyEy glvht A,
Choppin ef al & 7}28A14 2H8718 713 dlefdt
Hefo] $714k2 Eu(liDe)e}e] #HE<l whdt w9
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28} TF-Dp 37| 2= 9] Hef = fAehe] B
A ATz, Fdgagxe £ e w4
(total ligand coordination number, Nen) 9} New =
0237Av+0.6289] #AE 7}A& BT o7)A, Av
£ &5 HORE visisl A2l EudiD®] Fo-"Dy
of7|ad e A As} 2jtest iR A
o} o sz R|9}e] 2olE 2fu]¥ht. £ Aol
A H,0%F Ex3= Adel2] Eu (1I)-4-4 ([Eu (ID] = 1
x 1074, 0.1 M NaClOs, pH 5.0)0ll Hsted dojal
5= %)= 17,275.82cm ™' o]gle}. Bu (ID-F2A4 2
Eol| Wizl deojAl Ao I AHAE ) A& |43}
o #M3 A Fy, F2, F29] Nengb& 747}, 258, 2.95,
326024 FHAE BREe] Bapefe] ARl wel F
Sol&ate) w947t F7hohe AR ¥ 5 Uole

RS A wAgel mE FUAL ¥R T2
2 54e] apolsh Ao} HHY 4 sk FUALY
A F2E AR o] B3| w2y, dubdo
2§ S JEE 7P FUA BAUYSS A
F AR A T FUA Exlel] v]Ele F o
Bl §-AM o] whe(eg.. rigid) F2H BAE 7}
7 oz o Qb 2B Ao dojAl F
AFe] C-13 NMR ~# 8 BN A (Table 1),
100,000 daltons ©]AFe] 2 EAeke 73 F14k(F:)
AR wlS w2 ANE ' $F01%)E 7,
50,000 daitons ©|3}e] ¥-2le-& 717 FHAF), Fy)
Fabe Ao g w2 epe ks ' (-40% vs
20%)% 7PHE #elskd Fxle] WEFEA (aro-
maticity) € “EPNE  F (Cuon/Caiipn)S Fioll i }ed
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