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Structure of Aqueous Potassium Tetraborate Solutions
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Abstract The pH of aqueous K;B40; solutions at 298.15 and 323.15 K at a wide range of concentration
has been determined and the chemical species distribution of the solutions calculated from equilibrium con-
stants by Newton iterative algorithm. The chemical species of typical samples were confirmed by Raman
spectrum. The results show that the major species B,O,(OH);” and the minor chemical species
B,0;(OH), and B(OH), exist in highly concentrated aqueous solutions. The structure of highly concen-
trated aqueous K,B407 solutions at 298 and 323 K was studied by X-ray scattering further. The interactions
of intra-anion, interionic and intermolecular of B,05(OH);”, B,0,(OH), and B(OH), were descripted
quantitatively by geometrical model and calculated by least square method. The model calculation and re-
finement provided distance and coordination number between atoms in boroxol six-member ring, which are
in good agreement with the crystal structure. The order degree in intra-anion is high in concentrated aqueous
solutions. At the same time, we gained information about the hydration number and hydration distance of
K", borate ions and contact ion-pair. We also briefly discussed the effect of temperature and concentration
on solvent structure.
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W c/(molsL") R di(grem™®) T/K pem ' Vinm’
KB41550 2954 15 148 323 5.088 0.2810
KB42050 2309 20 1371 323 4211 0359
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AR T O8)y—O(7)MH B A 0.463~0.479 nm X [H],
FLAE RS B4 0.479 nm /). B,O5(OH);™ 1, BO; ' B Jii -
FSFIRIRE B(3)—O(10) A1 FE 2R E (L0 0.325 nm,
BRI T 0.325 nm — 2, AR AR A AE T DU
AR 2. B -5 [l i 40 R) B(2)—O(7) B B 5
BIMEH A 0.365 nm, AR IHE 0.369 nm AHFZIT. R
TR A B(3)—O(8)BE B 7E 0.47~0.48 nm [i]. 75
JTCHHN B R PRI para-B(2)—O(10)EEE 21 4
0.280 nm, SR 0.279 nm £ FEF S E
XA O(1)—O(10)8E 4 0.360 nm, 5 AL BT
PR, AR O(5)—O(T) B 7E 0.44~0.443
nm P, AT 0432 nm FEK, #E—DAF R )
T SSRGS VT SRR T R A A4k, d e A
S A5 K B R W T i SE A7 4 B,O5(OH);
B,0;(OH), 1 B(OH), =FI¥ &+, ‘& 14 5% 53
A EARSF. LR H5uEsE, B,0O5(OH); , B,0,(OH),
HIB(OH), &1 WAH BLAERLRAT & BT 1.

O 21 B TR A A R RS KRR
AR 7 IR I AH FLAE . K88 — /K& 2 K—O(H,0) 347K
GrER S 0.289 nm, ITRUE K 8 £0.22 FUAL I /K & 4.
Ohtomo™K—O(H,0)#i 5 7E 0.260~0.295 nm iz A,
e Impey P2 HPLBIZE B 0.268~0.271 nm K.
Tongraar %5 ] QM/MD Jidtff oy T K IR A 454,
A K — K G ERKEECh 8.340.3, RIFA AR
TR AR 51T AR S5 AH — 20 IR B 1 /KGR
B7E 0.366~0.382 nm [i], Lk B—O(H,0)FE BAHE:
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Table 2 The optimal structure parameters from model refinement
Samples KB41550 KB42050 KB42525 KB42550
Interactions ;X 10 '/nm  b,;/10’nm’ n ;X 10" '/nm b,/10° nm’ n ryX 10 'am  b,/10° nm’ ny ryX 10 /am  b,/10° nm’ ny;
O-H  087£0.04  0.05:0.02 2940.1  0.87+0.01  0.027+0.005  2.20£0.07 0.88£0.01  0.031:0.006 2.0 0.84+0.016  0.004::0.001 2.0
B(2)-0(5) 1.30£0.001  0.0240.003  3.2#0.15 1.350.023  0.017+0.003  3.35+0.14  1.36x0.01 0.0052+0.0003 3.35£0.15 1.40+0.012 0.0140.007 3.8
0(5)-0(2) 2.41=0.007 0.0191£0.0022 4.4 2413001 0.006:0.0002  3.52+0.11 2.47+0.009 0.017+0.003  4.0+0.12  2.54£0.012  0.035 44
B(1)-BQ2) 248 0.03 1.08 2.84+0.2 0.0095 1.04 2.44x0.17 0.029 1.05 2.5140.21 0.035 1.0
0®)-0(7)  4.64 0.004 1.05 475 0.001 1.09+0.2 476 0.004 0.93 4.63 0.009 1.05+0.23
B(3)-0(10) 3.27+0.09 0.005 078  3.27+0.11 0.004 1234041 3.20.11 0.004 0.75 3.88+0.14 0.006  0.77+0.003
B(2)-0(7) 3.70+0.023 0.009 37 3.64+0.023 0.001 326028  3.651 0.001 3424028 3.65+0.03 0.001 3.04£0.31
B(3)-0(8)  4.66 0.002 0.4 471 0.002 0.48 4.68 0.004 0.38 4.76+0.43 0.004 038
B(2)-0(10) 2.79+0.035 0.0034 1.59 2.80 0.009+0.0002  1.76+0.20  2.800.06 0.003 1.27+0.26 2.79 0.002 1.34+0.3
O(1)-0(10) 3.570.11 0.0033 038  3.63%0.11 0.0028 038 3.56 0.0032 0375 3.595 0.0025  0.403+0.02
0(5)-0(7) 441  0.0048:0.0002 197+0.17  4.42 0.004 1.97 4.39+0.04  0.009+0.0006  2.030.23 435 2202 2.03
K-O(H,0) 2.91+0.004 0.036x0.001  8.12+0.12 2.90+0.01  0.03130.001  8.24+0.12 2.88+0.005 0.023£0.001 ~ 822+0.01 ~ 2.9240.01 0.042£0.002  8.3+0.15
H-Bonding  2.82%0.05 0.01 1.86£0.24  2.78+0.004 0.001 202502 2.76£0.05 0.024 2.12 2.85+0.04 0.009 2.130.28
B-O(H,0) 3.830.013 0.0045 6.0 3.70+0.02 0.004 45403 3.65 0.001 922403  3.78+0.02 0.001 6.5
KK 4.10£0.01 0.007 1.18£0.24 3.94£0.009 0.005 1.5£0.04 4.0 0.003 1.6 4.11 0.006 1.46+0.06
K-B 3.82 0.0008 12 3.67+0.05 0.001 3.75 001 1.09+0.2 379 0.0034£0.0001 1.1+0.26
K-O(ring)  4.56 0.031 42 425£0.009 0.0065 4.23:0.13  4.36£0.01 0.009 42 4.61£0.02  0.015£0.004  3.85
0-O(K1) 3.46x0.007  0.013+0.002 120 3.41+0.007 0.008 12.140.20  3.3+0.007 0.003 11.9+0.44  3.4+0.009 0.013 12.8+0.3
0-0(K2) 4.7 0.011 12.0 4.69 0.002 4.89 0.02 11.9
K-O 5.0 0.01 19 50710019 0.005
R-factor 0.20 0.17 0.18 0.18

T R IRZE RSB GUR, AN N I (.

U BLEBIREE T, PImA R 4~9 Z ), KB
WK B T s, MR R ER A RN,
B;0;(OH); Al B(OH); ¥ J& & ¥ F4 1%, B,05(OH) i
BTt BB S e g EH, Bas Tk E
HBEAR.

B T4 4 1 % 18 B,O,(OH);” A1 B,0,(OH), 5
KB e fih 25 %, B(OH); 1 TR BE{IC AT 205 15 K
Zitr. MMNRRIES 75 KRR O A B 1Rt i
K'—B #E & 7F 0.33 nm /i Aq; 4 K BRAU R i 40T Xt
PO AL B TR, AR AR L A K545 21

rK_BZ% =0.334 nm,
MRS RS 845 H KT —B BRES7E 0.38 nm A A
DR AHbs P RV A A7 B R AR TR = 1A B0 7 1A 3
K e, AR i A e 2t S vl Beful s 1
DS T U A 1B e W A BN T A E =
PEIS, R A% e B

2

2 2
7 _|_r —r
B-O K-O(H,0 K-B
c SH_ 4 ( 2 )

2Xn B-0, Xn K-O(H,0)
AW 6=119+£3" . HIAR AL, K—B &N

_ 2 2 V2 _
rK_B—(rK_O(HZO)-l- rep—2X 1-0(H,0) X1 Xc0s120°)"" =

0.384 nm. A T {F v 3= 24k 2% ) F 2 B,O5(OH);
B,0,(OH); 5 K" 4 BN 5 £ %
REIRE XK S B R0
Kl 8(A) &t [A) W B 5 i KB41550 (a) #
KB42050 (b))% [1) RDFs LLi . M H #5350, 0.28 nm
DAHT, RDF WA R AR 75 0.28 nm B 1LEEK,
R TR B A I S s TRV 0.28 nm BLJS, 0K
W r AR IR, 2RI 703, R IR (R AR
%% 53R 2 4ia UGN, RER®ERE 0327
nm AT )51 AR R AU AH AR H B(3)—0(10) I /- 4%
IR A e, AU e AL, BERUREE R, 18
BEHRI R S T3 16, K—B, K-+ K R A7 3 i
X.

8(B) M [ & -3 ¥ K, B, O, ¥ RDF's X LL .
B AT, T R A A, R T, K
VU THT A 45 R R R g 71 . i ks 5 AR AR K DY T A 45 R
WFERERDN, SUBEE 98, 0.28 nm Ji, BEEE T,
JRFIAEERR, R LA (A AT R R
MRS AE S5 25 H 323 K B K, B,0, Wil K—B, K+
KB 70 BOR T 298 KIS ELA £, W T i B A
FF 2515 k.

2.8
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