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Abstract — Boron is difficult to be removed from seawater by simple RO (reverse osmosis) membrane process,
because the size of boric acid (B(OH);), the major form of aqueous boron, is as small as the nominal pore size of RO
membrane. Thus, the complexation of boric acid with polyols was suggested as an alternative way to increase the size of
aqueous boron compounds and the complexation behavior was investigated with Raman spectroscopy. As a reference,
the Raman peak for symmetric B-O stretching vibrational mode both in boric acid and borate ion (B(OH),) was
selected. A Raman peak shift (877 cm'—730 cm™) was observed to confirm that boric acid in water is converted to
borate ion as the pH increases, which is also correctly predicted by frequency calculation. Meanwhile, the Raman peak
of borate ion (730 cm™) did not appear as the pH increased when polyols were applied into aqueous solution of boric
acid, suggesting that the boric acid forms complexing compounds by combining with polyols.
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18] 31 94FF-(reverse osmosis membrane)[4]S ©|-8-5107 5= Wol
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SHA, <ol 245 o] EHET & HE (boron)® A
shrt, Fopek oFe] HE2 AEol £4) 2 JEFS vA=d], 4%
CEHABN, A2 A 9 T 5o Fdo] e i= Ao ® ¢
2] QUeh 7). e HEe] Frbst HH & QA= XAl JEFs
u|=w T, Q1 el F, W, 24 52 S0l 1
Zlo|t}. 53] Bk 6] o]3} fofe] 739 HZol o5k A7 X|afgo]
3~6 g, A321°] A 15~20 gO.= L&A glof AAIRA7] 5 (World
Health Organization, WHO)= 215~ U]9] RZ9] $HA] ‘5 5=F 0.5 mg/L
2 Askar QIeHg]. 2efu Bl Ulell EAlHE BE2) 5= 48 mg/lL
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TH(microfiltration, MF) 5] =A]o]t}[12]. B(OH); w412 Z7]&
HA 4 A2 BE 71$0% 349 Wgo] 1.94A0 % ohkEut
o] 71% 719}k vlasto] AAL nlSzehr] Wil S L] Z2xdollA
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Fig. 1. 2-pass RO membrane system|[15].

of Fo) BE A7) P ehk Byt AT 809

21 Z2] & (polyol)t Afato] 2sleta-& FAdsitka 44 vk

[16-20]. o] &) st &8}3tE-2 1 =17]7} B(OH),oll 1] 5k 710]

bg iHrEks 3 HEC] A7 7 EA golsid Aolok EAR

92 (molecular modeling)e S8l &4 3lel A3 231 [20]

YH & (mannitol)¥} B(OH)y7t At 28l5ta-2 A1) & wh
J

o] T4 R4 BE 71502 ~8.00A 019{T). ek FehehE Gl
AR Fel e QLAY alse Bl e St Hok 470

R 3 el T4 4 AdrH21].

ool & ATl = EElE T Tl 7P ol BaEo] Q=
B A o 2 71 2138 A 2] B (xylitol)[16-1918 A1)
sto] B(OH);$} Zslta+ Jdsh=A] o %5 2hit3e(Raman
spectroscopy ) ©]-8-10] ghlstarzt slgivk WA e ks
o2 73 789 T B(OH),%k 1 delelld pHE S7HA1%0E ) A8
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2-1. AEY

A
Zeys)eiTt. o]+ 2HHE37](Raman spectrometer)” | 22 &
HE 782 o] offrh= Al A7le] H2jo] A1 4
ohd B(OH),9} Z2]&-2] /97l 2slshE 34 ol A& 11
7] witolt). =578 BOH),S] 412 0.1 Me] B2 78918 5%
NaOH 8N C 2 pHE 7, 8,9, 1002 A 3PAA Z}2-2] pHell
i3l B(OH), T-&-H-& efvhitd7] = S73t3ict. B(OH), 58]
Z2) &S 713 9= 57 B(OH), ¥4 W3} thsAo)ak=]qt
Aol <5 B(OH); 7&-<¢] obd B(OH),—&2]& &3t +&
oS WSk Ao ® v i), E2]- 8- B(OH), tiM] 1:28] Hl&=
7Pt 71 o) A3 ATH20,2210014 B(OH),9F Z2]&-2] &
17F 2:1, 1:1, 122 S7F5S B2 AAGE0] A4 S71es
ZRI81517] wiitoltt. Fig. 200 Z424e] A3773-& Aelstalor A
ol 2182 B(OH),, AL 8 F, W E-2 Sigma Aldricholl Al -]
ato] ARgsRiTt.
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2-2. AR

2 Ao AFEH 2}HFHE47] = Lambda Solutions, Inc.2]
Dimension-P10]8}= RElg A E4] 71531 990 150~3200 cm™
o] BAEE 3.0 em™o] 785 nm 3 t) 9] #|O|#|(TE stabilized
785 nm diode laser) 5 AF§-3F= 7] 7]0]t}. 72 3] f-(optical
fiber)= A4 % 25k X2 H(LSI's Vector Raman Probe)l| 23l ©]
FoX = 4 Fe] G HASH] Flste] 22 s|AlelA] Al
TE = 93 AMEY TS (external sampling module)l] T2 HE 4F
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Fig. 2. Experimentals with Raman spectroscopy for pure B(OH); (left)
and B(OH);-polyol mixture (right) in aqueous solution.
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2-3. XS HLKfrequency calculation)

L AFelA= Antsleke] W5 Ak o] gato] WAk ehit
AHAEZ L o|2H 0 7 =3}l o]5 A} v wEHA Fi=d] o]
E5 ANE 7hdshA A skd ths v 2ok 22 We A
(bond)= Z 3} F AH(harmonic oscillator) 2 T-AF8FA] 73] A
(Schrodinger) W7 21S & -3 (eigenfunction)= Hermite T}
2lo] =™ 31-f-%k(eigenvalue)]! oL A] 9} o] uf A o)== X5
(vibrational frequency) wi= ©}2l| 9} 20| AHT]

E= (n-ﬁ-%)hm 2)
1k
o= 2m/; 3)

A71A h, n, k, m& A £33 A, YA (quantum number),

A% 719 A4 (force constant), M2 2 (reduced mass)©]tt.
o g A A2 A 11 (normal) ¥ 525 T =(mode)2} 1 ZEF wE

Fahe AR AES Altole F-Erh. 7)ol #4) Ul9] flage]

AEL5S & u B2} A=A} 2l E (dipole moment)2} =15
(polarizability)o] WHa}HA] =] 3 2 2]41 5338k (Infrared spectroscopy)
A=A BHlE ] WalE, epih 38k F=E2] AskE AX|she
Zo|P 2 2t A (activity)’} 2 AE-2-50lgh=
Waph 2 AELEAL Ovlsit,

[o 3NN = Bhaw A=1¥)
Zit—f_lg

3-1. &4 B(OH), 3% 2XM

H32] (el gl o] B 589 YoM pH 9 o5t wlelli=
B(OH),, pH 9 ¢4 wlo= B(OH), 2] FEl= ZAgtrha LA
ATHI]. 2Fak 24]ell 94 B(OH),¢} B(OH), 2] 2het 3 4.5 Alak
3}8ke] W54 Akt (frequency calculationys §8497[20,23,24] ©|&
207 oSsIied] eRl /3 =7t i (symmetric) B-O 41525
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Fig. 3. B-O symmetric streching vibrational modes for B(OH); (left)
and B(OH), (right). Red, white and incarnadine balls indi-
cate oxygen, hydrogen and boron, respectively.

X E(stretching vibrational mode)®] %1557} B(OH); ¢} B(OH),,
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7]3}E]0] Zo] Hojtrt ot o] NEES ouldh),

o] A =43 B(OH), =492 pHYE 2hit #4S AA1 e A3
Fig. 4014 ®i= njel 7¥o] pH=7°1/] B(OH),2] th3 B-O A&He-F
R0 XE4<l 877 emlol|A] ik 1] =7} $HEE 9] 01 pH=8¢]|
A o] 1327t 78 132 BEF S $HH pH=9°14] 730 cm™!
oA Mz 727 b AlF o 877 emellA 9] 93 A
7| (intensity)’} pHZ} S7FeFAA A &2 0 & FHadhe AdE Kol
2 Qle}. pH=1001141+= 877 em'9] 3] = A 2] AF}A| 22 730 em™' ]
9327 FESAA e b= 1S o = Qltk o] 730 em €] F =
B(OH), 2] 1 B-O AFe-5 L =F ou|3it}, u]71.2] 91X kA
APkslete] 2g Aoz oS58 Aw) ghah A2 AAFHS o 5
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2}t 3 5.9} B(OH),2] th® B-0 A &% =9 1547} 22
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B(OH),%] OH7|7} &&]& 7} Hh-g-3h4 &t 7) T =&
A shE Eribe-& Ball AskhEe] FAE=TI20] Fig. 69 2
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Fig. 4. Raman spectra of pure B(OH); in aqueous solution at pH=7, 8, 9 and 10.
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Fig. 6. Possible B(OH);-mannitol complexes[20] after the release of
one mole of water (left) and two moles of water (right). Red,
white, gray and incarnadine balls indicate oxygen, hydro-
gen, carbon and boron, respectively.
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