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. tvv/Mocgn’nt of tkxco-CXirculLIn Colon

In view of the ImaBdlata need for a calibration cunrc for boron,

work was firwt don* on the evaporation procedure for developing the
bororv-curcundn color.

A r.ffuct of rvaporatlon with Calcium Hydroxide Sua”nslon:

Color was developed In aairploa containing varylnf awounta of boron
at follow* *

1. The boron-containlny solution was evaporated to dryness with 5
ml. of 0,1 Ncalcium hydroxide suspension.

2. The residue was dissolved In a hot oxalic-hydrochloric acid
mixture (one part concontrated hydrochloric acid to U parts

iquooua 20 per cent oxalic acjd)»

3. Thr*e ml, of 0.1 per cent cureurln solution (In ethanol) *ms
addtd and the sdxture was evaporated on a water bath at 55° C,
£ "y 0. The sanplus wore kept on the water bath for one hour;
after abotlt a half an hour the samples appeared dry*



4. TV rud boron cocplex wis token up In ethanol, filtered Into

* 25 ml. flask, and measured colorlmetricaily on a Beckman
epuctrophotometer.

T remits obt*Inod on several blinks and on boron containinf
solutions ar< ylvon In Table I.

T4BLE |

Effect of rvaporntlon "1th Calclmr Oxide Sponsion

Vicroynurs of boron adde<] tterpyrtss of \
0.0 0.65
0.0 0.60
0.0 0.70
0.0 0.55
0.0 0.80
1.0 0.65
2.0 2.90
3.0 2.98
3.0 3.05

*

Valuea yivtm hore spare <k/tomlnod from a calibration curre
obtained later.

Table | shows that blank determinations were hifh and erratic. Tho
diacrsipnncy la probably due to tho fact that tho calcium oxide used con-
tained boron and was difficult to koop In suspension* Consequently
equal amounts of calcium hydroxide could not bo measured accurately in
each determination*

B. Effect of Evaporation with Sodium Carbonate Solution!

A0.1 Nsolution of sodium carbonate was substituted for tho sus-
pension of calcium hydroxide, and tho color developed as before in blanks
and In boron-containing solution.

Tablo Il shows that boron contasdnation was much less and that results
wore fairly consistent. The discrepancise noted are probably due to the
difficulty in measuring the hot oxalic-hydrochloric acid mixture and in
keeping the oxalic acid in solution*

\1



TAE I

Effect Of Evaporation with Sodluw Carbonate Solution

of ~opn addod kjcrornutw of boron fund*

* Values fivun her* war* <ktorednod from = calibration curve
obtained later.

C, Kiffuol of uslna Alcoholic Oxalic-Hydrochloric Acid lixture In
loaw i

To facilitate accurate wuasurewunt of the oxalic-hydrochloric Mixture,
the follesring solution was prepared!

200 el, of dlttllled water

200 el, of ethanol

JO tl, of concentrated hydrochloric acid
40 graas of oxalic aold

>0 ml, of the above solution are equivalent to one ml. of the
aqueoue eolution used before. It is stable and the oxalic acid romina
in aolutlon at roor temperature, Table 111 ahowe the effect of ualng
the alcoholic oxalic-hydrochloric acid-solution* The results obtained
are consistent, and recovery of added boron was found to be complete
within ten pur cent. The amount of boron found in tha blank determinations
was low and was sufficiently constant to permit the subtraction of an
average blink frow a detendxv tlon lapelring tho accuracy.
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Value* flvun her* were otained fro® t calibration cunr*
obtained later.

lit Dj»tillation of the Boron In TR& fruaplt*t

A. Removil of fluoride from TF(, Soapiest

Distillation of th* boron in TF$ samples waa tried at the natural
fluoride concentration* of th# hydrolyied aaaplc*. U ms found that
considerable hydrofluoric add distilled over into the aodium carbonate
trap u*od and that som* leachihf of bornn from the flatware took place
a* evidenced by abnormally hifh result*, Hemoval of the fluoride wa*
accoe™llehcd by carefully evaporating the aqueous TF”" solution twice to
near dryness with 10 drop* of. concentrated aulfurlc acid*

B. P stlllatlon of the Boronl

Sevens technique* for dietilllnf'boron ae methyl borate were tried

Table IV fivci the reaulte obtained when carryinf out the distillation
by the following proceduroi



1. Analiquot containing KXV200 ag. of Tu tha sulfate was
placed in a Tyccr distilling flask and was neutralised iliih
i— nla to tha flrat perwanent precipitate. (\Jhen standard

boron solution was added, without ~ no neutralisation ass
raquirad).

2. Tha tolum «ts reduced to about 5al. bj evaporation.

3. Concantratad sulfuric acid was added dropwiee until tha pre-
clpitata redissolved and two drops warn addad in excess.

4*  Tan ml* of swthaaol warn addad and a straaa of methanol vapor
was bubblad through tha solution. Tht swthanol vapor wea
auppliad by a boiling awthanol bath and was lad into the sol-

ution in tha distilling flask by mans of a tuba dram to a
capillary.

5% About 226 ml. was distillad into a flask containing 5 al. of
0.1 Msodium carbonata solution.

6. The diatlllata waa evaporated to dryness and the boron curcuwin

color was developed in the residua using the color devslopawnt
procedure.

TAPLF IV
Recorerv of Boron by Distillation in a Current of Methanol Vapor

Uicrograas cf boror. recovered
Milcrograaa of boron added* (blank not substrected)

0.35 (blank run)
0.50
1.00
2.00
3.45
1.40
1.60

oo NN O

+Boron waa added froa a standard boron solution. No Twas present
in these runs.

The above table indicates that boron recovery is poor.

Savers" acre runs ware made following a revised procedure, using
direct distillation rather than a stream of awthanol to distill tha
methyl borate. Tabls V gives the results of several runs nade using
tlw following procedure*



1. Analiouot containing 1HO200 mg. of T at the sulfate m
placed in the Vycor distilling flask and neutralised with
ammonia to the formation of the first prmanant precipitate.

2. The precipitate was Just dissolved in 6 V sulfuric acid

added dropriao; and throe drops of concertrated sulfuric
scid were added.

3. About 30 nl, of methanol was added and tr.c staple was di-
et!'lied at 100° C. (boillry water bath) under slilht suction.

Air was drawn through the solution in the distilling flask
to hasten the distillation.

A. Additional nothanol was addsd from tins to tine through the
air inlot tubo to replace the methanol distilled over. The

volume of solution in the distilling flask was kept between
20 and 60 ml.

5. About 200 ml. of solution were distilled over into a flask
containing 5 ml. of 0.1 Nsodiun carbonate solution.

6. The solution from (5) was evaporated and the boron-curcumin
color developed by the Color development procedure.’

TABLF V
Recovery of horon by Direct Distillation

kicrograms of boron recovered

(total boron less boron In
Klcrorrarc of boron added* blank and in easels)
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*Boron was added to the hydrolysed TR& aliquot rtiich was then ©00-
rerted to the sulfate by ev-porating with sulfuric acid. e

\
Tijs low yields obtained were attributed \c incawplete reaction of

the boron in the saj”le. /



To obtain bottor yields, tt\r dintlllinr flask w*s fitted with a
reflux condenser which extended into the dlatillinf flask to within
a few inches of the liquid level ami the solution was refluxed for an
hour before distillinjr. Th* ’procedure followed was th* ism as that
previously used with tho exception of tho rtfluxinf. Table M indi-
cates that more boron was obtained as « result of the refluxiny,

TABU M
Recovery of Boron by Combined Reflux and Distillation Irocodure

Wicroynura of boron recovered
(total boron less boron in

mcronrarna of boron added* blaruc and In sanolu)
2.0 2.0
2.0 t 1.8
2.1 1.8
5.0 5.0

+Boron was added to th«, hydrolysed 1?" aliquot which was then ovaporated
with sulfuric acid to reaovo fluorides.

111, .Hwthodi

e A. Hoalent-s and Apparatuat

The, follcwinf roayents ar* used in tho color development procedure |

1. Oxalic-hydrochloric acid mixture

20 cillilit r distilled v *r
20 milliliter* c.p. ottanol
5 milliliters cone, ntr t. d hydrochloric acid

A *r ns axilic r.cid

2. Curcusdn extract! Dissolve 0,10 prane of crystalline
curcumin in 100 ml. of c.p. ethanol.

3. Hithanol, c.p.

A. Sodium carbonate solution (0,£ H).
5. Boron free ammonia*

6. Concentrated sulfuric acid.

7*” Three inch diameter platinum evapomtihf dish. It



9. bath (55° C. £a"7)7
10, BI%illing and reflux app:aratus made of boron-free

U. Bttckmn apectrophotoaeter.

C Dlatlllatlon gagghdU di8tlll-\t ton npparatua oe« Fig. !l)*

U A'd °.5 til. concentreUd eulfuric acid to tha TFaaaaple In the
plattnuft diah. Evaporate on a vtcu bath until
,oryetalliaoa freely,

2. Dilute to approximately 25 ml. Take a small allouot, (I ml.
uaually) and analyte colorlawtrically for T.

3. PiDotte an aliquot contalniig 150 to 200 a*. T Into reaction
flask (H). Add boron-frvo aswonia water until tha flrat
"permanent precipitate forma. Diaeplve the precipitate by

adding concentrated sulfuric acid dropwieej then add two
drops more.

u. Put 5ml, of 0,2 Nsodium carbonate in soft final recalling
bottle (K) but do not stopper tightly. (The sodium carbonate
solution la atored in lucito ware).



10-

Add 2$-}0 ml. of c.p. methanol to the solution in the reaction
flaskj and attach reflax condenser (D) ixnediatoly. Reflux
rigorously for mi hour.

At ths end of the refluxing time, stopper the receiving bottle
tightly, and adjust thu aspirator to about 2 inches of mercury
vacuum. Remove the reflux unit (Figure 2), quickly wash it,
with methanol, and replace it with the boron free glass tub**
(V) drawn to a capillary. Readjust th aspirator so as to five
from 2-4 bubbles per second through the T solution.

Distil 20C ml. into a receiving bottlu by keeping th« water \
bath at 9>?8° C. (incipiont boiling). Add 10-15 ml. of
methanol periodically. Do not let the volume in th* reaction
flas< (H) get bolow 15 ml.

Waporate the distillate to drynoss on a steam bnth to avoid
spattering. Use a 3 inch porcelain ovaporatinf dish. The

analysis ray be safely interrupted and a epics may be stored
at tnia point.

Procedure for rvvelomcr/ of the Boron-Curcumin Color:

‘issolvn tfu residue obtained in evaporating ttlo distillate
in 2 ml, of the ox\lio-hydrochloric acia mixture, rotating
th*> dish to bring tho residue entirely into solution,

Add 1 ml. of 0,10 p*.r cent curcusdn solution,

Float tb t'vnpor~tinr dish on a constant .Umpiretun. water

bath (55° C. £ 2 C.) for exactly onj hour to develop the
color.

Kxtract th, rod boron color with c.p. nuthinol and filter

throuph No. 41v>vitran fill' r p”per into a 25 ml. volunxtric
flask. Dilute to volume,

loasun tho te’viandssion<or. » Beckman spect rophotomi t «r using
a 1, cm. ¢*11 and i wavelength. of 540 millimicrons, using
othanol is the standard,

Doto mint th. “amount of boron by comp rison with a calibration
cunrt dvt*rtr.incd by developing th* boroo-curcusdn color of
known uriunts of boron, Ls* a boric icid solution cant.lining
on-, micropram of boron per nvl. for determining the cUibritlon
curve irid ,vipornt*. th*- aliquots to clryn«8s with 5 ml', of 0.2
N sodiun cartywitt}. h.<« ” ur» 7 r r callhr t'rn curve'.



Chock tho purity of th'- "vagonta by running a blank, carrying

it through thu distillation procedure and tho color develop-
ment procedure.

8, Subtract th" average of several blank doteradnations fro* each
saaip3«j dot rminotion to corroct for boron contamination.

Calculations*

1. My Tin sample x r Hg. TF" in sample

2 Mg. boron in oamply

Up. TR in sample x 100 m per cont boron in TP






SHMW\-

stMUToirr fummcl
----- HO ML

toRO* me tuts
< IMUT Tint- M

CONDCNTttR
tOCM* J

TO ASFIRAIOt

VYCCR OtSTILLIHt
FLASK * H

SOFT CLASS
SOTTU'K

c*.S SIWTtMCO

FIGURE 3
DISTILLATION APPARATUS

FLATI-L






