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‘CIit? first of the tctrnarylborates, t~tn~I~1.~~tiylbor;Ltc, was introcluwd into ma- 

lytica~cllexnistryin tlic years 1949-x951 1--:%. This coml~ound, as the sodium or lithiutn 
salt, was rccommcnclcd for the precipitation of ldassiurn, rubidium, ccsium, pwton- 
atcd basic nitrogen ancl cluartcrnary ammonium compouncls, 1 t soon lwcamc available 
c~omtncrci~illy and iLn cxtcnsivc litcraturc: lias sul>scclucntly clcvcl~~l~ccl on its rqqdica- 
tions+‘~. Tlw t’cagc!nt leas a limitd stability in iL(IUCO”S sol\lti<,n; this facet prompted 
us tct look into tlw possibilities ctf preparing a similar molcculc that would 1~ more 
stable. Of tire numerous tetntarylbor~Ltes synthetically possible but. hitlicrto un- 
prcparcd, the sodium tctr~tkis(~-chloroI~llcnyl)~(~r~~t~ was chosen ns tllc first of a 
scrics of molecules in which tlrc suhtituents on tlic bcnacnc ring would bc variccl in 
such a way as to modify tllc incluctivc ant1 lY!S011;111CC effects of tllc lX2nzcnc ring on 
tlic carbon-boron bonc~. 

To a r-l 3-ncckcd flask equippect with a stirrct , water-coolecl conclcnscr and ;I 
dropping funnel, acid 9.7 g (0-4 III&) of mqqxsiutn twnings. Swccl3 tltc asscrnbly 
with dry nitrogen. Add 250 ml of ctlwr l)rcviously dried over sodium to tlw flask. 
I>issolt~c 76.G 6 (0.4 molt) of ~-l~romocl~lorobcnzcnc in I00 ml of dry ctlwr and arrange 
for clropwisc aclclition into tlie CliPAl<. Add ilp~NWSi~ll~~td~ I0 nil of tlic fi-lxonmA~loro- 
bctrzcnc solution to the flask and stir tlic solution. Eking to rcflux tctnpcmturc. The 

* IXroct all inquiries to this author. 
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reaction generally starts within 20 min. Add the remaining 90 ml of solution drqwise 
over a period of I h. Continue the reflux and stirring for an additional hour. 

To the cold solution of ~-chlor~~1~llenyl ~ri~n~~rd reagent, add IX .o g (0,~ mole) 
of sodium bnrofluoride which has been previously dried at xxo” for 1 h. Blanket with 
nitrogen; stir and reflux for 2 h while maintaining the blanket of nitrogen. Pour the 
contents of the reaction flask into 400 ml of ice-cold saturated sodium chloride solu- 
tion. A white precipitnte of inorganic material forms in the qucous layer. Separate 
the ether layer with a separatory funnel and cxtmct the aqueous phase 3 times with 
So-ml portions of ether. Add these to the previously separated ether layer. The reac- 
tion mixture need not be worked up immecliatcly nnd may be left standing several 
days before addin g it to the sodium chloride solutinn, E\ralzoratc the ma&r portion of 
ether under ViL(XlUlTl at rocjm temperature and the remainder under VitCLlUIXl at 40”. 
A yellow viscous liquid remains. Pour tliis into 300 ml of dry xylcnc and cool in an 
ice batli. The crystzlls of the mixed salts, sodiuln-m;ll;ncsium tctrakis(~-c1~lc~rc~~~l~enyl)- 
borate, will separate. The yield is about 25 g. 

‘Co 1)rcq;lrc the pure soriium salt. pass 3 g of the mised SiLlt in I00 ml of wzltur 
through ;m ion-exchange column of fhwcx goW-X4* in its sodium fttrm, at a rate of 
3-5 ml per min. It is best to preparc the column witlt 4’s& sioclium hyctrrtxictc. It qq>ctirs 
that the n&l rcsiduc left on the column after the usual I-lCI--N:K1 cycle tlecrmlX~scs 
the borate. Sntunitc the cluatc, which amounts to about 175 ml, with sodium chlorirlc 
and cXtrWt witli three SO-ml portions of ether. Combine the C!Xtracts illId W’ilpOriltC 

under v;lcuum. Pour tile clear viscous licluid into 200 ml of dry xyleno. Cool in at7 ice 
bath ancl collect the resulting crop of Cr>TtitlS. Yield: I.<) g. An :tnnlysis of the dried 
sodium salt yiclclc~cl the following results: C yj. x3%,, l-f 3.4q${,, Cl 29.730/O ; ~aleulnted. : 
c 60.00’~,, El 3.36’J/,, Cl zrJ*54’;~,. 

A IO/~ solution of the reagent as the mixed Nrr--&ig srilt was used fgtr qualitative 
testing. Ahout 2 ml of the reagent were atlclocl to 2 nil oi tho 0.x ilf test solution. The 
following ions gave 1lcikVj’ l,rc!cipitatcs: Ii+, Nl-Id+, I<\,+-, ilIlCl (A+, wltilc 13al+, C:Uct., 

Si”+, Ca2+, Cd*+ and Cog+ g:i\‘e no prccipitntes. 
The rcugcnt w;~s also testccl for its ability to precipitate cluntcrnary ~~In~n~~ni~iIll 

compounds nntl other coml~ounds cctntuining a basic nitrogen which had bet:n 1;rc&~~n- 
atcd. Precipitates in such cases are of interest for possibtc quantitative methods as 
well as for C)UiLlit:ltivc identification purposes. Sodium tetra1~h~nylborc,n IliE+ hecn 
cxtcnsivcly used as a rccqcnt for the prcpnration of clcriv:itivcs of cc-ml~ouncls of these 
types’. ‘Tlic nitrcl~cri-cc,ntaininC: coml)ouncl was clissolvccl in dilute Ilyclrochlr)ric acicl 
and a x0/* solution of the reagent was added. The following eoml~c~unds gave heavy 
precipitates : ~-1?li~nyl-et1tyl~~mine~ N-ctl~ylamine, dicthylnminc, cli1~en~yl~Init~~~ 
atropine, llex~metliylenetetr~&mine, r,G-diaminahexane, glycinc and tetrabutyl- 
ammonium chloride, while pyridinu and cluinine gave light precipiti~tcs. A few of the 
precipitates were filtered, cllied, ancl analyzed for nitrogen and melting points wcrc 
taken on tl melting point block. The results arc summnrizcd in “Cable I. 

The reagent was then tested for its nbility to l,rccipitatc the potassium ion 
by mixing z ml of a 1% solution of the reagent with 2 ml of test solution. For a com- 
parison tetraphenylboratc was used in a similar series of tests. Tlte results are sum- 
marizecl in l bk II. 
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ANALYSIS OF fliC1’11ISSIt,NThTIVif I’fWCfl’I’TATI~S 
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‘fhe soiubitity v;rlucs wcrc abtnincd l>y ~~~t~r~~i~~i~l~ the potrtssium in the supcr- 
natant iiquid by flame pitotometry. ‘I’hcsc values arc shown in Table III. 

The reagent solutions of sodium tctrakis(~-cllloropllenyl)borate were tested 
for stability by obscrvntion af tllc appcarnncc of cloudiness and by checking the 
activity of tlic solution against the potassium ion. It was noted that alcoholic solul 
tiowof 250/D and above by voiumc remnirwcl clear and appearccl to be stable for severa- 
we&s. Aqueous solutions tested concurwntly clovefoped a turbidity after 5 clays and 
were inactive after sixteen days, 
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The procedure described by Gloss 8 in the determination of potassium by 
sodium tetraphenylboratc \vas selected for the study of the precipitation of potassium 
with sodium-magnesium t~trakis(~-cl~~orc~l~~~enyl)b~rate. A 2% solution of the reagent 
in water was prepared from the sodium tetrakis(@chlorophcnyl)borate. To this was 
added x g of reagent-grade aluminium hydroxide and the solution filtered and the 
filtrate reserved for analytical use. 

Duplicate IO.OO-ml aliquots of a stantlzwcl solution of potassium chloride (2 

m&ml) were pipcttcd into qo-ml beakers ancl water was addecl to bring the volume 
to x00 ml. They were heated to 70”, and 40 ml of a z’%, reagent solution was added 
slowly to each beaker. The heavy white precipitate which formed immucliatcly was 
allowed to stand for 30 min. and finally ooolcd in an ice bath for 30 min. The precipi- 
tate was filtered through a fine-porosity, sintcrcd-glass crucible. Four s-ml portions 

of ice-cold water were used for transferring and washing the precipitate. ‘The prccipi- 
tatc was dricct for 30 min at fro’, cooled in ;I desiccator iknd weighed. The rccovcry 

of potassium tViC4 ~~~l~~ll~~t~c~ using the t?Ie(~rc?ti~~Ll ~r~~~~il~etric~ factor 0.07882. The 
results are summarized in ‘i’nblc TV. 

D1SCUSS10S 

Thu potassium salt was examined for thermal stability by drying at xIcP. 
After the initial constant weight was established, no further weight was lost cluring a 
normal drying interval. Constant weight was usually achieved in about 30 min. 
Drying for periods of 54 h resulted in losses of less than one part per thousand. The 
precipitate appeared sorrtewhat more CPjM.irllitX? in character than potassium t&IX- 

plicnylborntc. It flocculatecl more readily, settled more rapirlly and was generally 
easier to handle than potassium tetraphcnylbornte. It sl~oulcl be an excellent magent 
for use in qualitative analysis schemes. The coml~ouncl has the serious disadvantage 
as a precipitation reagent for potassium of yielding ;L compound of potassium of 
moderate solubility (6.5 l x0-4 mole/l at 25” at PH 6.5). 
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As shown in ‘l’able I the compound has possibilities as a reagent for the forma- 
tion of clerivativcs of cluartcrnxy ammonium and protonated basic nitrogen com- 
pounds. A few of the compounds tested yielded precipitates which were not suitable 
for derivative purposes. Notable among these were aniline and atropine. Conipouncls 
containing two basic nitrogens formed mono or cli salts. Bcnxidine yrocluced a com- 
pound that was tliffic:ult to rccrystnliizc; this analyzed as the mono salt. These deriva- 
tives were c*hzractcrixccl by sever-d pli;~se changes before the final malt was achieved. 

Sdium tctr;tkis(~-cl~lorol,lwnyl)bornte was synthcsizd. It formed lxecipi- 
tates with I<+. l<b+, Cs+, quarternary ammonium and prt~tonatecl basic nitrogen 
conipo~ncfs. Tire potassium salt was more soluble tllan potassium tctrapl~cnylboratc 
l>Ut flOCCUli~tCd ~lncl filtorccl more CirSily. “I’lic formed with 
gen clffcr ;LS sUit;dAe c~UiLlit;ltiVe analysis. 

T~c~-cl~lorol~l~~~~ylI~~~r~~t~~~lcsc~tlium (Nn13(,c> -CI),~),syxltl~~tisbl,arlcsuutcurs, 
dot~ncclcsl~r~ci~~it~si~Vcclcl~ot~~ssiun~, lc~rubidiiim, 1cci~5iU111, I’ammoniUm quatcrnnirc 
et dcs composds axntds lxsiques, Ix se1 clc l>otaSSiUm cst plus sc~lublc quc lc tdtra- 
l~l~~l~yll~~)ri~tC clc potassium, IlIiiiS il floculc plus frtcilcmcnt et ii se filtrc plus ais&ncnt. 

15s wurtlc Natriun-rtctnilcis(~-cl~lor~~l~l~cnyl)l~or~t I~cqgcstcllt, dus mit I<+, I<b+, 
G-b, clunterniircm Ammonium und lxotonisicrtcn basischen Stickstoffvcrbinclungen 
Nicclcrschliigo biltlct. Dz&s I<iliiIlIllSi~lZ war liislicher i1lS clas I<nliurntctral~l~cnyll~ornt, 
flocktc jcdt~ch lcichtcr aus untl liess sic11 hcsscr filtricren. Die mit Stic~kstoffvcrbin- 
clungcn gcbilclctcn Salxc bictc!n sic11 fiir die cltliditati\*c Analyst ;in. 


