
Synthesis, structure, and properties of the non-centrosymmetric
borate Rb2CaB8O26H24

Jiang Luo • Shilie Pan • Hongyi Li •

Zhongxiang Zhou • Zhihua Yang

Received: 31 March 2011 / Accepted: 10 June 2011 / Published online: 21 June 2011

� Springer Science+Business Media, LLC 2011

Abstract Single crystals of Rb2CaB8O26H24, a new non-

centrosymmetric borate material, have been grown with

sizes up to 8 9 5 9 3 mm3 by the slow evaporation of

water solution at room temperature. The structure of the

compound was determined by single-crystal X-ray

diffraction. It crystallizes in the orthorhombic system,

space group P212121 with a = 11.5288(3) Å, b = 12.6

334(4) Å, c = 16.6966(4) Å, Z = 4 and R1 = 0.0405,

wR2 = 0.1043. Ultraviolet (UV)–vis spectrum transmis-

sion is performed on the Rb2CaB8O26H24, which shows an

absorption edge about 195 nm in the UV region. Thermal

properties were investigated by TG–DSC analysis. The

powder second-harmonic generation (SHG) intensity

measured by the Kurtz-Perry method indicates that

Rb2CaB8O26H24 has about one-third of KDP (KH2PO4).

The influence of different molar ratios and evaporation

speed of water solution on crystal quality and size was also

performed on the reported material.

Introduction

In recent years, there has been considerable progress in

the development of coherent sources based on nonlinear

optical (NLO) crystals [1–7]. Because of their broad

transparent region, high damage threshold and moderate

birefringence, borate crystals such as b-BaB2O4 (BBO),

LiB3O5 (LBO), and KBe2BO3F2 (KBBF) [8–10] are one

kind of important NLO material from near-IR to vacuum

UV spectral regions [11–22]. The excellent NLO properties

of borates are attributed to their various anionic groups,

with planar BO3 and tetrahedral BO4 groups as basic

structures, and this BO3 triangles and BO4 tetrahedra can

form a variety of compact poly ions by corner sharing of

oxygen atoms. Among various anionic groups, the planar

BO3 has attracted our attention, because the highly local-

ized valence electrons, and anisotropy polarizability indi-

cate that some borates are likely to be good candidates for

further deep UV NLO materials [23–26]. Though many

UV NLO materials have been discovered, these NLO

materials have their own drawbacks that limit their appli-

cations, for example, it’s hard to grow large KBBF crystals

because of weak binding between its layered structure units

[14]. Therefore, the research of other new NLO materials is

still needed. On the basis of detailed analysis on the

component elements, rubidium and calcium borates were

chosen as the candidate, and the non-centrosymmetric

material Rb2CaB8O26H24 was investigated.

The Rb2CaB8O26H24 (Rb2Ca[B4O5(OH)4]2�8H2O) com

pound was reported in 2003 and its structure has been

determined [27]. However, further understanding of the

relationship between the structure and the properties of

Rb2CaB8O26H24 prompted us to reinvestigate its crystal

structure using the single-crystal X-ray diffraction tech-

nique. To the best of our knowledge, the studies focused on

the crystal growth and second-order NLO properties of

Rb2CaB8O26H24 have not been reported in the literature. In

this article, we present the crystal growth, optical proper-

ties, and the relationship between the structure and the

properties of the Rb2CaB8O26H24 crystal.
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Experimental section

Single-crystal growth

Single crystals of Rb2CaB8O26H24 (RCBOH) were syn-

thesized through slow evaporation. Rb2CO3, CaCl2, and

H3BO3 powders were mixed in a molar ratio of 2:1:8. In

this experiment, 11.547 g of Rb2CO3 (Jiangxin Lithium

Factory, 90%) and 12.366 g of H3BO3 (Beijing Chemical

Co., Ltd., 99.5%) were dissolved in approximately 100 mL

deionized water first, after CO2 release, the above solution

was mixed with 2.750 g CaCl2 (Tianjin Baishi Chemical

Industry Co., Ltd., 99.5%) to form a flocculent precipitate

which was amorphous when studied by powder XRD. The

mixture was stirred during 15 min at 80 �C and leaving at

room temperature. After 4 weeks, the single crystals were

obtained. Crystals were rated qualitatively as low or high

based on whether light scattering from a He–Ne laser could

be observed by eye.

Powder X-ray diffraction

Powder XRD was performed on an automated Bruker D8

ADVANCE X-ray diffractometer equipped with a dif-

fracted-beamed monochromatic set for Cu Ka (k =

1.5418 Å) radiation and a nickel filter at room temperature

in the angular range from 10 to 70� (2h) with a scanning

step width of 0.02� and a fixed counting time of 1 s/step.

X-ray crystallographic studies

A colorless and transparent crystal of RCBOH with

dimensions 0.34 9 0.30 9 0.25 mm3 was chosen for

structure determination. Single-crystal X-ray intensity date

were collected at 296 K on a SMART APEX II diffrac-

tometer using monochromatized Mo Ka radiation

(k = 0.71073 Å). The crystal structure was solved by the

direct method and refined in SHELXTL crystallographic

software package by full-matrix least-squares methods on

F2
o . The structures were checked for missing symmetry

elements with PLATON [28]. Crystal data and structure

refinement information are summarized in Table 1.

Infrared spectroscopy

IR spectrum of the ground crystals in the range of

400–4000 cm-1 was recorded on a BRUKER EQUINOX

55 Fourier transform infrared spectrometer using samples

prepared as KBr pellets.

Table 1 Crystal data and

structure refinement for

RbCBOH

aR1 = R|| Fo
2|-|Fc||/R| Fo

2| and

wR2 = [Rw(Fo
2-Fc

2)2/Rw Fo
24]1/2

for Fo
2 [ 2r(Fo

2)

Empirical formula Rb2CaB8O26H24

Temperature 296(2) K

Wavelength 0.71073 Å

Formula weight 737.69

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a = 11.5288(3) Å

b = 12.6334(4) Å

c = 16.6966(4) Å

Volume 2431.83(12) Å3

Z 4

Density (calculated) 2.015 g/cm3

Absorption coefficient 4.343/mm-1

F(000) 1464

Crystal size 0.34 9 0.30 9 0.25 mm3

Theta range for data collection 2.02–25�
Index ranges -12 B h B 13, -15 B k B 12, -19 B l B 19

Reflections collected 9691

Independent reflections 4211 [R(int) = 0.0270]

Completeness to theta = 25 99.3%

Refinement method Full-matrix least-squares on F2

Goodness-of-fit on F2 1.073

Final R indices [I [ 2r(I)]a R1 = 0.0405, wR2 = 0.1043

R indices (all data)a R1 = 0.0466, wR2 = 0.1075

Largest diff. peak and hole 2.105 and -1.013 e Å-3
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Thermal analysis

The TG–DSC analysis were carried out on a simultaneous

Netzsch STA 449C thermal analyzer instrument, with a

heating rate of 10 �C min-1 in an atmosphere of flowing

N2 from 25 to 1100 �C.

UV–vis transmission spectroscopy

UV–vis transmission spectrum data for RCBOH crystal

sample was collected with a TU-1901UV–Vis–NIR spec-

trophotometer at room temperature, which can operate over

the range 190–900 nm.

Powder SHG measurements

A preliminary SHG efficiency measurement of RCBOH

has been carried out by the Kurtz-Perry method using

microcrystalline samples at room temperature [29]. Micro

crystalline KDP served as the standard. About 90 mg of

powder was pressed into a pellet, which was then irradiated

with a pulsed IR beam (10 ns and 10 kHz) produced by a

Q-switched Nd:YAG laser of wavelength 1064 nm. A

532 nm filter was used to absorb the fundamental and pass

the visible light onto a photomultiplier. A combination of a

half-wave achromatic retarder and a polarizer was used to

control the intensity of the incident power, which was

measured with an identical photomultiplier connected to

the same high-voltage source. The SHG efficiency has been

shown to depend strongly on particle size; thus the

RCBOH crystal were ground and sieved into distinct par-

ticle size ranges [29]. To make relevant comparisons with

known SHG materials, we also ground and sieved crys-

talline KDP into the same particle size ranges.

Results and discussion

Synthesis and growth

In the process of RCBOH crystal growth, the influence of

different molar ratios and evaporation speed of water

solution on crystal quality and size has been studied.

When the initial reagents and reaction ratio were changed,

another compound, Rb[B5O6(OH)4]�2H2O (RBOH) [30]

was obtained. In our study the compound of RBOH was

very easy obtained. The RCBOH crystal could not be

obtained when the initial reagents mixed in a stoichiom-

etric ratio (Rb2CO3:CaCl2:H3BO3 = 1:1:8). In Table 2,

it can be seen that the molar ratio of Rb2CO3 is the critical

influential factor to acquire RCBOH crystals. By com-

paring the samples 2, 3, and 7, it was further confirmed

that only when the Rb2CO3 exceeds, RCBOH crystal with

high quality can be obtained. The ratio of 2:1:8

(Rb2CO3:CaCl2:H3BO3) is chosen as the proper molar

ratio in this experiment. Fast growth speed leads to the

formation of crystals with poor optical quality and slow

speed spends too much time. In this experiment the

crystals were obtained from the amorphous precipitate,

and crystallized completely after 4 weeks. The fluctuation

of growth temperature is also a bad factor for the crystal

quality.

The obtained crystals are colorless. As shown in Fig. 1,

the maximum size is about 8 9 5 9 3 mm3. The typical

XRD pattern of RCBOH is shown in Fig. 2. The experi-

mental powder XRD pattern of RCBOH is in agreement

with the calculated one based on the single-crystal data,

suggesting that the synthesized phase is pure.

Crystal structure

Single crystal X-ray diffraction data were obtained. The

refinement of 419 parameters with 4211 observed reflec-

tions [I 3 2r] resulted in the residuals of R1/wR2 =

0.0405/0.1043. The RCBOH structure consists of

[B4O5(OH)4]2- polyborate anions, Ca2? and Rb? cations,

and H2O molecules. According to the classification of

polyborate anions proposed by Burns, Grice, and Haw-

thorne [31, 32], the fundamental building blocks (FBBs)

shorthand notation for [B4O5(OH)4]2- in RCBOH is

2D2h: \D2h[=\D2h[, the symbol gives the number of

BO3 triangles(D) and BO4 tetrahedra(h) in the form

mDnh, where m and n are integers representing the

number of BO3 and BO4 (Fig. 3).

Table 2 The influence of

different molar ratios to the

crystal growth

Sample

number

The molar ratio of

Rb2CO3:CaCl2:H3BO3

The result Excessive

element

Growth

rate

Crystal

quality

1 1:1:8 No crystal – – –

2 2:1:8 RCBOH Rb Moderate High

3 1:1:4 RCBOH Rb, Ca High Low

4 0.5:1:4 RBOH Ca Moderate High

5 0.5:1:8 RBOH ? H3BO3 Ca, B High Low

6 1:1:12 RBOH ? H3BO3 B High Low

7 2:1:12 RCBOH ? H3BO3 Rb, B High Low
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Infrared spectroscopy

Seen from Fig. 4, the characteristic peaks of the RCBOH

crystal can be described as follows: The peak at 460 cm-1

can be attributed to the bending of BO4 [33]. Peaks at 706,

656, 586 cm-1 can be assigned as the bending mode of

BO3 groups. Peaks at 1345 and 944 cm-1 can be asym-

metric and symmetric stretching vibration of BO3. Strong

peaks at 999 and 832 cm-1 can be assigned as asymmetric

and symmetric stretching vibration of BO4, respectively.

The weak bands at 1268–1159 cm-1 can be attributed to

in-plane bending mode of B–O–H. Peaks at 1682 and

1634 cm-1 can be assigned as H–O–H bending mode.

Peaks between 3000 and 3600 cm-1 can be attributed to

the stretching vibrations of OH group and the water mol-

ecules which are involved in the hydrogen bonding.

TG–DSC analysis

The thermal behavior of RCBOH is shown in Fig. 5. TG

analysis curve shows that a weight loss of about 29.5%

from 70 to 1050 �C, which corresponds to the loss of eight

crystal water molecules and eight hydroxyl groups (Theo-

retical water loss: 29.3%). In the DSC curve, the first

endothermic peak appearing at 124.5 �C is related to the

dehydration of RCBOH. The endothermic peak appearing

at 638.6 �C is related to the melting of the solid phase.

UV–vis transmission spectroscopy

The transmission spectrum for RCBOH is shown in Fig. 6,

it can be seen that a wide transmission range is observed

with the UV absorption edge about 195 nm. The observed

maximum transmittance rate of RCBOH crystal is up to

70%, although the thickness of the measured crystal sample

is about 3 mm.

Fig. 1 Photograph of RCBOH crystal (The minimum scale of the

ruler is one millimeter)
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Fig. 3 Structural unit [B4O5(OH)4]2- in RCBOH
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Fig. 4 IR spectrum of RCBOH crystal
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NLO measurements

On the basic of non-centrosymmetric RCBOH crystal

structure, it is expected to possess NLO properties.

According to the anionic group theory of NLO activity in

borates [34], the BO3 trigonal planes are responsible for the

large SHG effects, and the BO4 groups contribute less. The

orientation of these groups also determines their total NLO

contribution. The arrangement of [B4O5(OH)4]2- groups in

RCBOH is in an unfavorable manner so that the overall

SHG efficiency of RCBOH is about one-third of KDP. The

powder SHG profile of the RCBOH compound is shown in

Fig. 7, demonstrating that the SHG signal increases grad-

ually with increasing particle size. Furthermore, moderate

green-light output was observed when 1064 nm-laser per-

meated the crystal along a special direction. All of these

show that the RCBOH compound is phase matchable.

Conclusions

In summary, good-quality, and fairly large-sized RCBOH

crystals with non-centrosymmetric structure has been pre-

pared by aqueous solutions. It exhibits the SHG efficiency

is about one-third of KDP. Our studies indicate that by the

introduction of the rubidium and calcium into the borate

system, we can design new types of second order NLO

materials. Our future research efforts will be devoted to the

exploration of new SHG compounds by introduction of

other type of alkali metal or alkali earth metal into the

borates.
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