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Salts with the formula M[RB(OH),] (where M is Li, Na or K, and R is C,H, 
or C6H, r) and M [C6H,B(OH)J, (where M is Ca, Sr or Ba) were prepared. The 
thermal decomposition in air and in nitrogen proceeded through a series of inter- 
mediate compounds to the respective anhydrous metaborate salt. The possible nature 
of these intermeciate compounds is considered_ 

PTRODUCITON 

?-he neutralization reaction of group IA and HA metal hydra.xides with organo- 
boron acids has been known for many years’. In the case of boronic acids the reaG 
tion may be represented by the folIowing equation: 

MOH f RB(OH)z+ M[RB(OH)J (1) 

An investigation of the thermal decomposition of the salts produced in eqn. (1) 
was initiated as a part of a study of some polymeric materials containing boron- 
oxygen bonds. This paper wiii report on our thermogravimetric studies of the group 
IX and IIA salts produced from phenyl and cyclohexylboronic acids. Subsequent 

reports will deal with the preparation and thermogravimetry of other salts con- 
taining the w,B(OH),J- and [R,B(OH)]- anions. 

The chemistry of hydrated borates has been extensively studied and a number 
of excellent reviews have been written’-‘. Vari ous authors have made attempts to 
systematize the structural chemistry of boratcs. These schemes fall into two classes: 
those dealing with anhydrous borates6*’ and those dealing with hydrated borate?-‘*a. 
Two of the four rules formulated by Christ’ are directly reIated to the expIanation 
of the thermogravimetric curves observed for salts of boronic acids. These rules may 
be summarized as follows: 

1. I. poIyanions of hydrated berates, those oxygens not shred by 1x0 boron 

ahcays azrach a proron and exist as hydroxyl groups. One exception to this rule has 
been found in the mineral Hambergite, 4BeO -B20, -H,09_ Here the OH group is 
attached to beryllium, probabIy due to its stronger Lewis acid character. 
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2_ Tfie i..Zar groups ma-y potymerize in rarious rays by splitting out zcater- 
The insukzr groups may po&merize, either to infinite chains, or possibly to dimers, but 

probabiy rarely or nerer polj-mers of a degree betu-een these taco extremes. HeIler has 
proposed a very extensive scheme to systematize borate srt-uctures2. In this scheme he 
has proposed the followin, 0 sequence of reactions which incorporate the two rules 
Risted above- 

I 

It-1 --pH~o ~~-Li20 9c-1 
H-O-B-O-K +-O-B---O-B- (2) 

H 

I 
0 
[(-I It-1 

H-O-B-ChEi-O-H -‘-O-B-O-~ 

I f I I 
0 0 0 0 

(3) 

nlB~O(OH)61’- <B,O,(OH),;‘:- 

Since [3(OHj,]- and [RB(OH),]- are structuraliy and chemicahy analogous, 

the thermal decomposition of the [RB(OH),J- anion may follow a scheme similar to 

that above. In addition to linking together by dehydration, the salts of boronic acids 
can also Iink by iosing the organic group as shown in eqn. (4): 

H 

I H 
0 

I(-> yt-1 T&4 
HO-B-R+HOKR d HO-B-O-B-R+RH 

i I I I 
0 0 0 0 

I I 
H H 

Matenials 
The boronic acids and their anhydrides were prepared by a previously described 

method*O. AR other chemicals were reagent grade. 
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Trih~dro~~pJlen~Iborale salts 

The following general procedure was used to prepare the salts of phenylboronic 
acid. Specific quantities of starting materials and solvents are given in Table 1. 

A mixture of phenylboronic anhydride, and the appropriate metal hydroxide 
in a 1~3 ratio for group IA metals and a 2:3 ratio for group IIA metals was dissolved in 
water on a steam bath. Isopropyl alcohol was added to the hot solution and on cooling 
to room temperature, the trihydroxyphenylborate salt precipitated in the form of 
crystalline pIateIets. The crude product (usualiy better than 98% pure) was se+rated 
by filtration under a nitrogen atmosphere_ The product was washed with two 25 ml 
portions of isopropyl alcohol, then 25 ml of anhydrous ether and finally dried over 
phosphorus pentoxide in a vacuum desiccator. 

The crude product was dissolved in a minimum volume of ether on a steam 
bath, then isopropyl alcohol was introduced slowly until the hot solution became 
turbid. The soiution was quickly filtered and placed in a refrigerator (4;) to crystallize_ 
The product was isolated as before. Yields and analyses are summarized in Table I. 

Sodium rriJzydro_xy(cycJoJzexyi)boratc 

A mixture of 5.00 g of cyclohesylboronic acid and 1.57 g of sodium hydroxide 
was dissoIved in 15 ml of water- The crude product was isolated upon adding 150 ml 
of isopropyl alcohol and recrystalhzed from a mixture containing 5 ml of water and 
100 ml of isopropyl alcohol. The yield was 823 g, 64_4%_ 

Calculated results for NaC,H,,BO,: C, 42.90; HZ 8.40: B, 6.44: Na, 13.69; 
found: C, 43.40; H, 8.72; B, 6.10; Na, 13.71. 

AnaIvricaI procedure 

A standard semimicro combustion method was utilized to determine carbon 
and hydrogen content in each sampIe, with the exception that each sample was mixed 
with copper oxide and sodium bisulfate to facilitate combustion. 

Metal content was determined by titration with standard hydrochioric acid in 
the presence of methyl red indicator- Boron was determined by addition of mannitol 
to the sohxtion at the methyl red endpoint and the resulting boron complex was then 
titrated with standard sodium hydroxide in the presence of phenoiphthalein. Methyl- 
ene blue was used in the boron determination to make the endpoint more pronounced_ 

Thermogracimeiric analyses 

A recording thermobalance, patterned after specifications given by Mauer' ‘, 
was empioyed to study the thermal decomposition of the borate sa1t.s. Each sampie 
was treated in the following manner. A 50 mg sample was weighed into an open 
platinum crucible, which was then suspended from the balance beam and positioned 
in the center of the furnace, just below the thermocouple. The sample was then heated 
at a rate of one degree per minute until weight loss was observed and at that point the 
temperature was held constant until the sampIe reached constant weight. It was then 
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heated at a rate of three degrees per minute until complete decomposition to the 

respective metaborate had occurred, except for calcium trihydroxyphenylborate, 

which did not completely dehydrate below 1000°C. 

All samples were analyzed at atmospheric pressure in air and also in an atmos- 

phere of nitrogen_ The composition of the intermediate compounds was calculated 

from the weight losses and final decomposition products were determined from X-ray 
clifkction data. See Fig. I. The theoretical composition agreed with that calculated 

from weight loss for the intermediate compounds within 2% in all cases. 

X+qv dIiractio\ data 

Samples were exposed to filtered copper Kz radiation in a 114-6 mm diameter 

Debye-Scherrer powder camera. The d spacings, in Angstrom units were recorded 
directly from the film by means of a set of d value templates_ These values were then 

compared with those recorded in the ASTM files * 2_ 

Frepararion of rrih~d~o_~_~phea~I~orare salrs 
Trihydroxyphenq-lborate salts vvere prepared from an aqueous solution of 

phen>iboroxine and the proper metal hydroxide_ To effect recrystallization, the 

impure salts were dissolved in a minimum amount of water, then isopropyl alcohol 

was added to cause reprecipitation. Anal_ytical data indicated that the formula for the 
lithium, sodium, and potassium salts was M[C,H,B(OH),] and the formula for the 

calcium, strontium and barium salts was M[C,H,B(OH),], (see Table I). 

The yield varied from 23.4% for Li[C6H5B(OH),] to 50.6% for Na[C6H5B(OH),J. 
There are a number of factors which affect the yield and purity of these salts. The 

principle factor which determines the yield, is the quantity of water used to dissolve 
the reactants. The yields of sodium and potassium saIts are particularly afkted by 

this, and no product is obtained if a large amount of water is used. The lithium, 

calcium, strontium and barium salts behave in the same manner as the sodium and 

potassium salts, although the yields are not quite so sensitive to the quantity of 

solvent. Therefore, only the minimum amount of water needed to dissolve the reac- 

tants should be used. Solutions of these salts are strongly basic and consequently 

absorb carbon dioxide. For this reason, the manipulation of solutions of these salts 

was carried out in a nitrogen atmosphere_ Another factor, which affected the purity 

of these salts, was the amount of metal hydroxide in the starting material_ If an excess 

amount of metal hydroxide was used, the sample was difficult to purify. Consequently, 
only stoichiometric quantities of starting materials should he used. 

Thernrai decomposif ion 

The salts were found to decompose through a series of intermediate phases 

to benzene or cyclohexane, water and the respective metaborate salt, except for 

~4GWWW31_ , which did not reach the weight loss calcuIated to correspond to 
Ca(BO,), below 1000cC_ It was found that holding the temperature constant during 

the initial decomposition step resulted in a more sharply defined decomposition curve_ 
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OECOYPOSlTlON TEMPERATURE 

Fig. 2 Cort-eIarion of size to effaztivc charge ratio and the temperature at which final loss of benzene 

occun-cd. Z- is effective nuckar charge- 

There was no general relationship between the size/effective charge ratio of the cation 

and initial decomposition temperature of the salts as predicted by Stems13. As may 

be seen in Fig 2 there was, however, a correlation behveen the size/effective charge 
mtio of the cation and the temperature at which the fkai loss of benzene occurred. 

The sodium and potassium trihydroxyphenyiborate salts exhibited a weight 

gain at 265’C This weight gain was not reproducible and was due to incorporation 

c -S- 
B303(OH'6; 

cc1 
i ‘2’3 (O ” ‘2 1 

2s- 
.* 

(d) 

HO OH 

t&/L o 

B-O 

,0’ \bH 

{B30~(0”)~ If”- 

,0’ ‘OH 

{ 
B305(r,Hb, *- P -,vI 

(Cl :fl 

Fig. 3. Pstuiatai stracturcs of thermal decomposition prodwts. 
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of water into the sample from the air. Under anhydrous conditions this did not occur. 
Since each salt exhibited its own unique decomposition curve the thermo- 

gravimetric data will be discussed in terms of successive steps in the removal of water 
from the samples in general. Possible structures are proposed based upon the struc- 
tural schemes for hydrated borates referred to in the Introduction. These structures 
are tabulated in Figs. 3a-3f. 

1. Loss of one molecule of benzene or cyclohexane per two [RB( OH),] units 
The insular borate [(HO),BOB(OH),]‘- exists in the mineral Pinnoif MgO - 

Bz03 -3H,014. Its formaticn can be represented by eqn. (5) in which one molecule 
of water is removed from a pair of I,]- tetrahedra. 

+- “20 

A similar reaction has been observed in the thermogravimetric curves of 
Na[C,H, I B(OH),] and Ca[C,H,B(OH)& . H owever, these two salts lose one molecule 
of cyclohexane and benzene respectively instead of water as represented by eqn. 
(6) to form salts containing the anion [RB,O(OH),]Z-. 

HO\ LF:-_--sO, ,R 

HO/ \ + 

<-,“o\LO\ 4: + RH - 

A 
“OH HO”’ 

(6) 

Oh’ HO OH HO OH 

2. Loss of one molecule of water, benzene or cyclohexane per [RB(OH),]- unit 

The removal of water from [B(OH),]- units to form chain-like polymers 
having the formula (BO(OH)&- and chain structure as shown in eqn. (2) has been 

demonstrated’ 5. ’ 6. Each of the [RB(OH),]- salts display a plateau on the thermo- 
gravimetric curve which corresponds to the loss of one molecule of either water, 
benzene or cyclohexane from the [RB(OH),]- anion. The sodium, potassium, 
calcium and barium salts lose benzene or cyclohexane to form the above chain 
structures. The lithium salt, however, loses water to form a salt having the formula 
k.iiC,H5BO(OH)] which may also be a chain typ structure (Fig. 3a). Also the 
strontium salt has a stable phase With the composition Sr[C,H,B,O,(OH),] which 
may exhibit chains of the type shown in Fig. 3b, or possibly a mixture of (BO(OH),)z- 
and (C,H,BO(OH))~- chains. 

It is not very likely that these compounds exist in a six membered ring structure 
of three tetracoordinate boron atoms as illustrated in Fig. 3c. No compounds having 

this ion have been found. Furthermore Dale’ has proposed that this structure is 
unstable due to repulsion of the axial OH groups. 

3. Crosslinked structures which are the result of remoaal of more rcater 

The dehydration of [B,O(OH),]‘- according to Heller’ should produce a 



borate with the formula {B,0,(OH),)2~- and structure shown in Fig 3d. Borates 
having this formula and structure are, however, unknown. The sodium, potassium, 

calcium and barium salts do display a stable phase with this formula and very well 
may have the structure predicted by Heller. 

FinaiIy, the Na[C,H5B(OH),] salt decomposes in N, to yieId two compounds 

N4?w4(OHhI and D~L~[B~O~(OH)~]_ These may be analogous to those found in 

{[K(HzO)]JB,O,(OH)J), and (K,~,O,(OH)&,*i. The proposed structures for 
these compounds are illustrated in Figs. 3e and 3f. 
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