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In a continuation of tltc study of sulxtitucnt effcc-ts on rcngcnt stability and 
selectivity, sodium tetrakis(,lrr-trifluoro~nctl~yl~~l~cnyl)l~ot-ate lms lxen syntl~csizcd. 
l‘llis compound sclectivcly precipitates ccsium in tlw presence of rubidium or potas- 

sium, and is c~~n~pwable in acicl stnl>ility to tlic otlicr tetra~~r)lll)or~tcs which llavc 

strongly clcctrone~ative suhtitucnts in fiarr8 or ~7leln positions on the plwnyl rings’-“. 

.S~)lztltesis of .sodi~rr~~ tctrnkls(ni-tuif~~rovoii~ctlr_l~l~lre~z~l)~bo~ntc 
Tile following sequence of reactions was employed in the preparation of.sodiurn 

tctrakis(?/l-trifluoromctli~~lplicnyl)boratc: 
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Distil cn. 400 nil of ctller dried over sodium into a 3-necked 500-ml flask fitted 

wit11 a reflus condenser, dropping lunnel and magnetic stirrer. Transfer a x00-ml por- 

tion of the ether to the dropping funnel, and to this adcl45.0 g (0.2 mole) of 7wbronio- 

benzotrifluoricle. Then place 4.9 Q (0.2 mole) of dry magnesium turnings in the flask, 

aclcl a few crystals of iodine to catalyze the Grignard reaction, and start the stirrer. 

Add cn. IO ml of the solution in the dropping funnel to the flask, and sweep the entire 

apparatus with dry nitrogen. Raise the temperature to 35” and hold until the reaction 

begins. Then add 5.5 g (0.05 mole) of finely-ground and dried sodium fluoroborate, 

cool to 14O, and add the nz-brornobenzotrifluoride in ether solution dropwise over a 

3-h period. Finally, maintain the mixture at 25” for I 11. 



l’our tl1.c reaction misturc slowly, wit11 stirring, into 400 ml of ice-cold water 
cc)ntaiiiing scvcralg of .;ocliuin carbonate which prccipitatcs the inorganic salts from tllca 
solutic,n. Scparatc tlic ether ancl aqucoils layers in a large scparatory funnel, saturate 
tl1.c aqueous phase with sodium chloride ancl extract three times wit11 50-1111 pm-tions of 
ctller. Cni11binc tile ether solutions and pour over 500 ml of water adjusted to pli 8 
\vitli. dilute sodium l~ytlroxidc in a large knker. Stir tllis solution vigorously, warn1 
;tiicl cvnl)oratc all the ctlicr at 35”. IGltcr tllc a(lUeous solution tllrougl~ a “Celitc” mat 
to rcniovc: an>’ insoluble mntcrial. 

Dilute the filtrate to 3 1 and stir, wllilc: adding an aqueous 7(x, ctllylaminc solu- 
tion dropwisc to Tori11 tlic ctl~yl:tniinc tetr~~kis(~rt-trifluoroi-nctl~.yll~liei~~~l)l1~~r~~t~ salt. 
i\clclition of tlw amine slioulcl lx: cliscr~ntinuccl immcclintely after the white f!occulent 
aniinc salt ceases to form. If excess amine is adclccl, brown reaction I,y-products 
l)rccipitatc from the sdution and coi1tan1inate tlLc clcsirccl precipitate. l’l~.csc impiiri- 
tics llavc solubility characteristics wliich. are similar to those of the amine salt nncl 

cmiwt easily be removed tluougli recrystallization, If the precipitation is carriccl out 
carefully, however, powdery wliitc ethylamine tctrakis(~l1-trifluoromctl~yll~l~e~1yl)- 
hrntc is obtainecl; m.p. 124-I&O, 9.04 g yield. 

h-y the etliylaniinc salt under vacuum and tlicn clissolvc in Too ml of anllyclrous 
Inctl~aiiol. lJ’our this solution into a. 3-nccltccl 250-1111 flask ecluippccl wit.11 an air con- 
clenscr, small dropping funnel, stirrer and heating mantle. Bring the niixture to a 
vigorous nictl~nnol reflus ancl slowly aclcl a solution containing 2.3 g of sodium 
inctli,osiclc in 100 ml of anhydrous methanol from the dropping funnel. Continue 
l~enting and stirring until all the ctliylamine has been evolved (02. 6 11). lG2movc 
n~ctl1anol unclcr vacuum, yiclcling a white, powdery residue. 

Dissolve the salt in ether, ancl clu+oniutograpll the resulting solution tlirougl~ a 

column containing 25 g of basic alumina. Collect the cliroi1iato~ra~~I~cd etlicr solution 
(cu. 300 ml) ancl add 75 ml of alkaline (p’r IO) water. Evaporntc the ctlier by stirring 
and Ilcating, and filter the resulting aqueous solution through a fine sinterecl-glass 
crucible containing a layer of basic alumina. Saturate the filtrate with sodium chloride 
and cstract 4 times with 50-ml portions of ether. Evaporate the combinecl ctlier es- 
tracts, with heating and stirring, until they become viscous. Finally, dry the sample 
under vacuunl ancl over P205 at So” for 34 11. 

The sodium tetrakis(?it-trifluorometl~ylpl~enyl)boratc initially forms a glass 
wlkli must be powderecl to increase the surface area for clrying. The total yield was 
6.83 g. An NMR spectrum indicated tile presence of 0.75 molecule of water per molc- 
cult of salt. Elemental analysis gave the following results (in %) : C 53.S6, I-I 2.70; 
calculated : C 53.57, I-I 2 .Sx. This salt is very lrygroscopic ancl difficult to analyze. 

A 1% solution of the sodium salt was prepared and approsimately I ml of this 
reagent was added to I ml of a 0.1 iVf solution of the ion to be testecl. The following 
ions gave heavy precipitates : cesium, thallium(I) and silver. Rubiclium formed a 
precipitate only after 3 ml of the reagent were sdcled. No precipitates were obtained 
with copper, cobalt, nickel, calcium, magnesium, barium, lithium or potassium. 

The reagent was testecl for sensitivity with 1-11~1 aliq.uots of cesium, rubidium 
ancl potassium ions in the concentration range from 0.002 to 0.2 mg/ml. An equal 
volume of 0.03 furl reagent solution, with pH adjusted to cn. S, was added. Cesium 
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formed prccipitatcs throughout the range of concentrations, but both potassiun~ and 
rubidium failccl to prccipitatc even in the most concentrated solutions. 

Tllc reagent was also tested as a possible precipitant for airlines ancl other 
coinpcmntls containing protonatecl nitrogen. Tlic compound was dissolved in water, 
with 0.1 h! lq~drocllloric acicl nclclcd, if n&cssary, to solubilizc it. An equal volun~ of 
xryO rcagcnt solution was added. This test Leas curriccl out with a scrics of amincs, 
;umino acids ancl alkaloids. Many compounds fnrmecl no precipitates, and those wliicll 
clicl furnl wcrc too colloidal to lx useful in qualitative cx quantitative analysis. 

A quantity of pure ccsium tetrakis(nl-trifluoromctl~yll~l~enyl)l~oratc was oh- 
tainecl by aclcling a 2% reagent solution dropwise to a solution of cesiuni cliloriclc. ‘I’llc 
ccsiunl salt was recrystallized twice from a Inetllanol--wntcr misture ant1 tlrictl under 
vacuuni and over P205 at So”. An clemcntal analysis gave tllc following results (in?(,) : 
C 46.32, 1-I 2.41; calculated: C 46.44, H 2.33. 

TIN rul~icliuin salt was ol~tninccl by adding ;L large c'scoss of tllc reagent to IL 
soluticm of rul~icliuni cliloritlc. It was rccrystallizc~cl from mctllancll-cllloi-c,l,cnzcnc and 
clrictl under vacuum ant1 over 1)&r, at So”. No potassium salt could 1x2 precipitated. 

Solubilities of tltc cesiuni ancl rulk~iuiil salts \vcre obtainecl. Tlte values were 
calculatetl from flame 1~l~otoiiuAric clata on tlic cations in solution after ecluili1.xation 
for 48 11. Tllcsc figures are listed in Table I and show tllat hotll the ccsiuin ancl tlic 
rubidium salts am niorc soluble in basic tlmn in acidic solutions. Tllc rubidiuin salt is 
approsiiiiatc!ly x00 tinics mot-c solul~lc than tlic cesiuin salt. Furtllcrniorc, tllc cesium 
salt is significantly more solul~le at 25” tlian at o”. 

(Equilibration time, .;8 11) 

_.._ -.-...-.._ ^ . . .._-..... --. . _ 
.SnlL prI ‘I’crrrp. (“) Sdrthilily ([/I) 
__._ __._ ..^._._ ___..-.-.-_ _......__ -.. ._^_ .._. __. _.._..._._ _ . . ..__. ..__~ .,. .._______ . ..__ _.. __. 
Csl3(C,il-r.,rrr-~:l;‘:l)., z .ti ‘2 5 0.123 

h .5 25 0, I 3 I 
IO..? ‘25 Cl . 2 2 x 
2.6 0 0.07s 
b.5 0 0. I ., I 

10.5 0 0. 1.1-1 

lZl,U(C,i~-r.,rrr-CI::,)., 2.7 “-5 8, .I .t 2 
IO.6 25 IO.778 

_-_.--___ .._.....-__ ..---.---..-__..~ .._.. _- . .._-.._..__.. _..___.._._ .- 

TIE precipitation of ccsiuin from pure cesiuin ion solutions was can-kc1 out in 
the following manner. A sample of cesiuin solution was adjustecl to 50 nil. This 
solution was heated to go0 and ‘> j ml of a 2% reagent solution, I)H s, which kd pm- 

viously been filtered through alumina, were aclclecl dropwise. The sample was allowed 
to stand at room temperature for I 11, transferred to an ice-bath for I 11, and collcctecl 
on a previously tared fine sintered-glass filtering crucible. It was washecl with three 
5-ml portions of cold water ancl clried at IIOO for I 11. Finally, it was cooled in a desic- 
cator ancl weighed. The quantity of cesium recoverecl was calculated by multiplying 
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the wcigllt of tllc precipitate times t1r.c gravimctric factor 
given in ‘1’ahlc II. 

0.1835. These results are 

l+-ecipitations of cesium in the prcscncc of rubidium or potassium ions were 
carried out under somewhat different conditions. In the case of ccsium in the presence 
(.)I rul$clium, a solution containing both ions was acljustecl to 50 ml. This mixture was 
lleatecl to 70~ with constant stirring, and the 2% reagent solution was aclclecl dropwise. 
Aclclition was cliscontinuccl when no further precipitation was visible. The sample was 
coolecl for I II at room temperature and for I 11 in an ice-bath. The precipitate was 
transferred to ;I tnrccl fine sintcrccl-glass filtering crucible, wasllccl wit11 three s-ml 
portions of colcl water, clriecl at Iro” for 1 11, cooled in a desiccator and weighed. The 
presence of ruhiclium was checked by dissolving tile wcighecl sample in c)s”J& ctlianol 
ancl carrying out a standard additions determination on the flame photometer. No 

TABLE 11 

______.____________,-__.--_---_._-.- . ..-- - -.-..--.--...- ------- 

cs Inhu (log) Cs/orrrrrl (mg) %, ltccozw’~~ 
------ __-_.-____--- _._.. -.-^_. -._ .--. ..- 

2.t.78 “dt.3cJ g8*.1 

24.78 “-4.3‘1 98.1 
24.78 “-1.32 98.1. 
24.78 24.37 98.3 
zt.78 “4.59 99.2 
24.78 “-.t*5G 99.1 

S.D.= &0.12 

9.91 9.38 9-t .r1 
9.91’ 9*‘4 92.2 
9.91 9.34 94.3 
9.91 9.16 92 *.t 
9.91 9.25 93.3 
9.9L 9.30 93.8 

s.r).===~rl_o.lo 
____ _., ..__ .___ ._. ..___ _ .._^_ . . ___.. .._.. _ __ .- ._ .- . . . .._ ._ . . 

‘r~13rx I r r 

RlSCOVERY 01’ ClSSIUAl IN TIIlE I’RESENCIS 017 RUL3II~ILJAI 

__--._ .___ .__. __.__._..___ _._ ._ _ .._ .._ ..__ __-_ .._. - ._... 

cs IdMln (Jug) Il’b fdcu (,nAr) ll’b Jiwrr~.d (trrg) cs fcNl.Wl (lqq) ‘Y. cs WcmJL’I’y 
- _.__.._ - . .._ -. .___...________ _-_ _.-- __._ --.--_- 

“4.95 2.t.99 0.00 2.t.20 97.0 
‘4 -95 24.99 0.00 z-t.48 9S.r 
‘4 *95 24.99 0.00 ‘r4.a 98.8 
“4.95 24.99 0.00 2.t.90 99.8 
“4.95 z.t.gg 0.00 “4.45 98.0 
“4 .g5 24.99 0.00 24.25 97.2 

S.D. = &o.z?G 
________-.___-___- ,_._..... -. __.._. -. - .._ _ .__._..__ 

TABLE 1V 

RECOVERY OF CBSIUhX IN TIIE PRESENCE OF POTASSIUAI 

-~--____ -_.- ____. -.__-.--- -_- .^.. ..--. -.--___--_ 

es inken (rrzg) Ii’tnlzor (wg) Ji forwd (mg) cs forl~ltd (lug) O/& cs vccovcvy 
-.- - - 

24.95 30.00 0.00 o,.t.Gr 98.G 
24.95 30.00 0.00 24,52 98.3 

--_- 



rul>idium ,was cletectcd in tllesc san1pIcc’, with tlie flame photometer’s detection limit 
of cn. 2 p.p.m. The results are given in Table III. 

Several cesiunl precipitations in the prcscncc of potassium ion were carried out 
in an analogous manner. No potassium was cletcctccl in tlicsc prccipitatcs (Table IV). 

Sodium tctr~tkis(~r~-trifluc~ronictl~~~lpl~cn~~l)l~oratc 1~~s been syntlicsizccl. Tnl,les 
II I and IV show that tllis compound is a liigllly sclcctivc rcagcnt for the ccsium ion, 
even in tlic presence of equivalent quantities of rubidium or potassium ions. 

The compound clots not apl>car suitable for precipitating aniincs or other basic 
nitrogen-containing compounds. 

This reagent, when in. solution at pIi 8, has rcmaincd clear and colorcss and is 
still effcctivc in precipitating cr:sivlm iLftCr stancling for 4 nlontlis. An cquivdcnt solu- 
tion of sodium tetrapllen?ilbor;Ltc sliows visible signs of tlccompositio~~ after the same 
lcngtli of time. 

The authors wish to express tllcir apprccixtion to tllc National Scicncc Founcla- 
tion for partial support of this work under grant #GL’ 0857. 

Sodium tetrakis(,tlt-trifluoron~etl~ylpl~enyl)l~oratc lias been synthesized ancl 
shown to be a highly selective reagent for ccsium ion even in tllc prcscncc of otller 
alkali nictnl ions. Equivalent amounts of rubiclium or potassium do not interfcrc. 

Le th-skis (9rbtrifluoroni6tliylpli~nyl) lxx-ate de sodiulii a hti: syntldtisd; c’est 
un rdactif t&s sdlectif pour l’ion c&+ium mhne en prdsence cl’autres ions dc tnctaus 
alcalins. Des quantit6es dquivalentes clc rubiclium ou cle potassium n’interfbrent pas. 

Natrium-Tctrakis(~~~z-trifluoron~etl~ylpl~e~~yl)-l~orat wurdc synthctisiert uncl 
erwies sic11 als ein hoch selektives Reagenz fiir C!isiumionen, aucll in Gcgenwart 
anclerer Alkalimetallionen. hquivalente Gehalte von Rubidium o&r Kalium stijren 
niclit. 
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