UNCLASSIFIED

AD NUMBER

AD486815

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy; NAY
1966. Ot her requests shall be referred to Air
force Materials | aboratory Research and

Technol ogy Division, Air Force Systens Conmand,
Wight-Patterson AFB. This docunent contains
export-control |l ed techni cal data.

AUTHORITY

afsc, usaf Itr, 1 Jun 1972.

THISPAGE ISUNCLASSIFIED




B T TER S vy et

e e S TN B {, | S TR S R B TR 4V S ST e YR T
s ey FRR T T e T

e R o D) el 'l v M o Rl T . e v AP Y A “
. N T R T S N G S ‘“%"w%?-:éfwr&i;‘w‘\, - 5,_"3@_‘315_“%“
S .
N
< -
3 - .- < . - _
< < v o B = = . o J‘ -
’ P e i Tt PRV T Ty ¢ ANTEAS T e e foror e wbe st candd B s
s A
1
!

ot NPT TS
PR

- AFMETR-66-147 ;
THE DETERMINATION. OF SULFUR IN
ORGANIC COMPOUNDS

THOMAS M. DOWNER, Ji: o
and - T
CHARLES R. RIBER, IR

UNIVERSITY. OF CINCINNATI

TECHNICAL REPORT AFML-TR:66:147

 MAY 1968

1

H

<

a2

AIR FORCE MATERIALS LABORATQBY

RESEARCH AND. TECHNOLOGY DIVISION
AIR FORCE SYSTEMS COMMAND -
WRIGHT—PA&TERSON AIR FORCE BASE QHIO:

Ty -
~ ‘

This document is subj&at to special-export contiols-and each transmittal §o.foreigh

governments ‘or forefga natioinly may be made oaly with. prior approval. of
AFw (MAYA), Wﬂgbt—Patl\;mn Air Force Bise;Ohlo 45433,

. -

o




g €0 N - T e I G L e o g e e T A e et X 7 -:v' a ‘: ) - N o“\;
R g N T e s N T At RS AL S ey B s SR ST AN Y R R AL "
. . s
e A . . N . .
5 Y N T -~ =%
- -
T3]
- i
)
N .
- - - = N ]
o 1
-1
1
oo
o
: & |
1
NOTICES ]
N
<

When Government drawings, -speciﬁcgtions. or other data are used.for any
purpose other than in connection with a definitely related Government procure-.
ment operation, the United States Governiment thereby incurs no responaibility
nor any -obligation whatgosver; and the .fact that the Government may have
formulated, furnished, or in any way supplied the said drawifigs,. specifications, :
or other data, i not to be regarded byimplication of otherwise as-in any. - ;
marnner licensing the holder or-any other person.¢r corporation, or conveying. . |
any rights or permission to manufacture, use, or sell any patented invention -
that may-in any way be related thereto, : e

e i
~ ?’ ‘e :ﬂ \
o f" :0 9
L ST e
e e - - e fem e £ - = - B sk it '/—-, it e
Copies of ¢his report shiould not be returned to the Research and Tech- o
nology Division unless return i8 required by security consideratioss,
contractual obligations, or notice ¢n.c specific documerit, » : .
" ) ‘g - o :
& (> - R ) ‘\.
fh ~ T A\ L
j H 'i;} - : P . . :}
300 - July 1966 < 773-43~1071 .. A S
- - —C; “ ( i ) ¢




rore e ® T A S cb A A T T TR e <
UPE = soen ” ( Sl
THE DETERMINATION OF SULEUR IN TR
| ORGANIC COMPOUNDS . .. .
o THOMAS M. DOWNER /A oo
’ 2 aﬂd S ,"/"_ ’ P ’ cf; :
: . oo - .chAﬁz;gs;,g;mBgﬁ;ﬁ]Ru - B - e .
St . UNIVERSITY OF.GINGINNATL: - - .. .., i
' ST =0 - ) - ; _ : i :v . :‘ ‘%
‘ “This docurent:is subject.to" special export controls ancl each t:aasmi%tsl i*nxfo»gzgn o
o Foverninents or ‘foreign nationals may be. miade on!v thh prior *\fgge*éi o o : ‘
- AFML {MAYA), Wright-Patterson Air Force. Base, Ohxo 45433 -
e .. Ny N —— : o ) :‘” - = - *;7 B - B - 2 t




R P e 4 e et RN > A Bl arvin S 4 Ty T RIS A e

N

- = (R PE e SN et s

' FOREWORD'

This report was prepared by .the University of Cincinnati under Contract
Number AF 33(615)-2746. Dr. Michael Hoch served as principal investigator‘.

“This .contract was initi‘ated under Project *No. 7360 "The Chemistry and

°

‘Physics. of Materials", Task No. 736005 "Composition, At‘oin“ic ;and Molecular
e . ) ,
Analysis'. The. work was administered undic the direction ,df' ‘the- Alr Force
- Materials ‘Labordtory, Research and Technology Division, Air Force Systems

[
S

Comsand., ‘Mr. F. F. Bentley was: the :‘p:gjeo__t;; gngineer.,
This report covers.-the work carried: oiit from December 1964 to. Deceiiber
1965. The work was :performed: at the-Analyticai Branch; ?hysigs ‘Laboratotry-
by ‘Mr. Thomas M. Downer; Jr- and Mr. Charles: R. Riber, J:. 7
This menuscript was’ réleased by the authoxs, Thomas M. ’bow‘t;ei',‘ J:r:, #nd:
Charles R. Ribet, Jr.. on 28 April 1966 for publicaticn as an RTD téechnical e
Tepott, o
This technical report ‘has been réviewed and is: approved,
=

o T FRERMAN-F. BENTLEY A
Chief, Analyticel Branch - ’
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ABSTRACT P

t ¢
'

A‘rapid-method for the determination of Sulfur ig'descfibed. The

method 18- applicable to the sulfate ion formed following an oxygen' flask

combustion procedure. The percentage of siulfur is determined by -titrating
i -

thie sulfate fon with ‘barium perchlorate using & complexing indicator;

.

Thorin to detédt the end-point. ~Coﬁpaungg‘¢onﬁﬁining ggrbég, hyapégeq,
I S

pitt@égn,:éhldrihg and sulfur. Wéte-succgséﬁqtiy‘énglyzéd.
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3 . INTRODUCTION _
- o \ i
: ) The Microchemical ‘Group” of the Analytical Branch" has:adaptéd ithe method: )
; of J. S. Pritz akd M: Q. Preeland .(Reference 1) for the'determination of
: -sulfut. ‘ih ‘organic compounds. The procedire involvési:the: combustion: of .the . v
.sulfur compoiind 4n & Schoniger- £lask, and the titration: of ‘thé.sulfate ion - \:‘1"::;:
formed' with barium: perchlorate, using a compleking indicator to:detect the.
equivalence poihk. - - Vo R N IR
" \_ VoL, A et .R'mGEN"TS , . I - R :{; ); ! M
"Béringi; perclilorate:. (ﬁgkéf 'i'bésicclora“) or 6. F. "Smith. 0. 01 Molar
Isopropyl Ai‘cohblf ¢. P. llzé‘ag"\eﬁt e o T
Thorin' 9-2(2~Hydroxi-3 6 -disulpho-l-naphthy’lazo)benz d'" onic o ‘
t . .acidy Oy L% aqumus, N R IPUE SYCSRTE 3 SN S S
Hethylene ‘Blues; ‘0. 0125% :aqueous : Lo Rl T ;
Sulfiitic acid: 0.01N.:Standardized - . i P I .t ‘
‘hYdtogeﬁzyvperoxi\dgz 73‘07.. » i . N P + s 7T ] !: ‘jf - ¢ l:\ -
1 - APPARATUS: RN RN U
Microtitration asaembly is cé?ﬁp“dsed of the folld in§5 ' ’
(1) 5 or 10 ml burette: graduate& in¢ 0, 01 ml intervals which cain: D
be read accurately to 0.005 i, Pt e
) (2) Magnetic st:irrer. ;f Cy T I GElh (7 . . B
) (3) 100 ml beakers and teflon’ stirringrbarss PR, ¥ :
PR oo - ‘ . I SRR TR oS T
o : )
\\! TR S TR S SRR AR B : i
' ;J”I - - P ~
T , " eEEaf : )
. i o ":.t\'_ i
- R G VR P I £
L3 N o
. 17 LA N \f’;"‘» 5 - 7 3 N
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DETERMINATION OF BLANK VALUES

In the combustion of the organic qéxﬁpouhds in an oxygen flask,
according ito it:'he'iprocedui:es- -of .Schoniger, it has been found:.that a very -
small -amount of :sulfate ion is produced from the ashless filter paper.
In addition; a small quantity of the titraat, Ba‘(cio,’)&z_,l :;ls_ cjgng_igm:gd} in
‘the weaction with -the thorin indicatotr to prodice the color change, .. .. . “
(yellow to pink), -used as a-critetion of the équivalence point.. A ‘blank,
value, thérefore, must be taken whic¢h includes the 1t{¢'i,iqa'to:’b,1gpjr<‘ and, the
‘blank which comes from the combustion -of ;t_::he: organic sample holder. This
blank vaiug? -yjlxern subtracted from the apparent volume bf bariun perchlozate
used in a titration, will give a true volume of titrant nécessary to &
edtrate the sulfur content of the organic compound. in question. At lmt

‘ . , . N
two blanks should be run along with every batch of sumples whicr’are to be

analyzed. TIicluded below is & sériés of blank yaliies obtained in:. - -

évaluating thé blank,’ with procedures £or. the:éxperimedts . & - - 5r l4e ‘ i
N N N T N

- | N E

1. Titrate 40 il distilled water, 40 ml of igopropyl-aleoholy, 7. ' ot

e : -3 drops "Thorin® (0.2% aqueous). and'2 Jrops of methylene biué Tt f

: “°5 (0.0125% aqueous) with 0.01 N barium perchlorate. . 1
0 B R 1 }
o o 'b) 0,034 nil B§Zc104),2: wsed.. - el )
.00 R0 e i e

d) ’Q;O@S»x‘nl Ba{C10,)5, sed Cel s - ‘ o

2. Titrate same solution as above but add 3 drops 30%:hydtogen. péroxide;

ATy - 2) 0.034 ml Ba(C10z)p used B
S b) 0.035 ml Ba(Cl0,), uséd:

s B ¢) 0.035 ml Ba(C10,)4 used

. © - )
. % - N - - .

c o - A AR } . i ~ ) ;

S d) 0.037 ml Ba(C10;), used - L 0

L ot v - . .

s o- N - . R < x

: e £, o - -

.<‘ ’:’ L , ‘ R

;Q g Oo& . 4\3:/ - . N ,7_“: N . L - R

u . & . 3 - - — h o i ~

’ ’»,v'*; ’Y"y - - “tﬂ ) - /;-1,_* : ‘ &
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3. Combust Schoniger sample holder -(ashless filter paper flag) with
10 ml water, 3 drops 30% hydrogen peroxide. Transfer resulting.
solution with 40 ml isopropyl alcohol, add indicator and titrate
with barium perchlorate (0.01N). -
a)‘0.0601m1‘33(0104)2 used:
b): Q:dSOme Ba(C10,) 5 used . S
¢) 0.050-mi Ba(cloz';‘)wzy used

d) 0 ‘050 ml B8(0104)2 used

N -

The third series of values' indicates -a small quantity of sulfate iom

is present in the Schoni%en flask and :should be teken‘into consideration.

<

STANDARDIZATION OF 0.01 MOLAR BARIUM FERCHLORATE SOLUTION
An approximate 0.01 M Ba(c10,)2 solution is prepared by dissolving
3.3627 grams- of anhydrous Ba(clo4)2 in 200 ml of distilled vwater in a one
liter volumetric flask., Add isoprdpylaalcohol*neat1y~to the mark. and
add, dropwise, peécmoz#c acid until pil is between 2.5-4.0, ' Gheck pH by

taking small aliquotes and using regular laboratory pH meter. Then

b ' E -4

dilute to,mark with isopropyl.elcohol. Standardize against 001 N sulfuric

acid as,given belew.
i

P AUV VU S R ¢

40 ml of C:P. isopropyl alcohol. Add 3 drops of Thorin and 2 drops of

methylene blue to sive a>greenish-ye110w 801ution. Titrate.with*0.01~M

bearium perchlorate until the ¢olor chgngeé-fromf@eﬁlew~to pink. Note:

The color change is very shaip but the ticration should be performed slowly

near the end-point and with rapid stirring. ~ .- -

Caiculations: ' -
Redction - Ba(Cl04) + HySOy -~ BaSO, + 2HCLO,
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‘;j . At equivalence point: Moles H2804 = Moles Ba(ClO4)’2 H
L0 ;
Mi; Moles _ -VHoS M Moles  VBa(Cl0y)o i i
50, [Fter * —phgpe (Liters) B‘5‘("1°4)2 Liter x —TO0 - FiteT %
Where: ;
MH,50, = Molarity of H,S0, ‘E
MBa(Cl0,)5 = Molarity wof Ba(Cl0y)y . . :
g
Vl{2504 = Volume of H;80, (aliquot) ml taken - 1{ ;
VBa(ClO4) 9 = Volume (ml) of Ba(C190,), used in titration
é
. MBa(ciogy, = MH,50, x \H250 :
(6103 = "Hp804 % v rreto,y !
3 i
Typical standardization valués are sumﬁa‘i:ized below. A standard ¥

solution of HyS04= 0,006402 M. R o

v’vaheﬂe‘ At b

Aliquot of .HZSO4 ueed Volume ‘Ba (cl) 4)2 Molarity Ba ((:104) 2

N cr Lo T ’ Lo A ," L '

5 @l 3.452 0. 009267 &
5 ml 3462 L. . 0.009%43 13
5 ml ‘ 3.461 0.009246 1
5 i 3440 " .009300 13
5omk. L 34460, . 0009248 : i
5 ml 3.463 . 0.009240 o
5 ml 3.460 0.009248 mi
B [ EIAE A M L « %
Average 5 ml Average 3 457 Average 0 009256 E%
S ol £
Note: This atandardi ation prccedure should be performed with the ?;
o, e
utmost care in view of the dependence -of all subsequent sulfur &
determinations on fhg;e vre‘eait.sj T o o I r%
¢ 4 e, e I N lt - . i
' SELECTION OF SAMPLE SIZE o ;
) A ‘ ;p;,
3 In the determination of the gulfur content of an organic. compound
f L containing organic sulfur,, the.sélection of the semple size. is-made. so as {
? :F: 'o * »% d ) .
g, i t¢ minimize; insofar as ig possible, the various erioks that are; involved - - - 3
R |
% 8 '
e B,
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in the determination. The major aim is to adjust the volume of titrant Y
consumed 80 that it is relatively large compared with the errors associated ! o
with end-po;pt’determinqtion and burette reading. If the volume of titrant ) -
consumed ia 5.00 ml., then an error of 0,05 ml ip the end-point evglpagion
.and burétte reading is found., This leads to an error of 1% in the peréeﬁt ( -
sulfur, An error of 0. 05 ml is regarded as considerably greater than oné ‘
should encoiinter in«end-point,evaluatiqn or burette reading. COnsiéer the
followipg*quatiogi ) N \ ‘
(1) % sulfur = ‘Tﬁgﬁ x TE. ﬁmgii Gy Xw0
where: Hé = Molarity of barium perchlorate golv¢ion ~ =~ - - ~ =~
Vg = Volume (ml.) of birium perchlerate solution
32,066 - Atomic weight ef suifur - ~ -~ - ¥ :
\lubstitute the £ollowing values into Equation (I): Mg = 0.0L; o
V, = 4.50 ml.; and solvé for the weight of thé Sample. " ’
(n weight of sample (grams) = %T%%%Eﬁ; w
: PP )
‘ or . , T, A
(I11)  veight of seiple (ngs.) = gitwrres o L
Equation (IIX) provides a very simple means for, ge;egggggagﬁgéig size
provided some idea of the magnitude of the sulfur content is available,
In some- cases, due to insufficiency of eample, it iay fot be possgible to 5
' eei;;t the Bize of the sample»by‘thé above considetatiens; In au;h é;;;;;um S
it would bée well to util;ze~agmlargg a sémyla-gshcgn be obtained, ‘short of ' |
the above criterion. ‘ ,. . | - 45
"¢ PROCEDURE ) V %
(1) Solid samples are weighea accurately on gﬁ'appréprigte\gﬁcrﬁghé@%céi §
| ‘ st MR
. . L B 1,\\}‘,; N A N *':i
g N e

-
e
[




s
balance "iii a closed charging tube. Liquid samples are wéighed in 2 sealed
Q fcapillafyvtub\e ax;d ‘the samples are transferred .to -an ashless Sch’énig_egt
éomb,usf:i“on paper and combusted acc;n:ding to the procedures outlined by Z
Schﬁ'nigér.
‘ (2); Tc; a 500-ml. combustion £lask add 10 ml. distilled water and
3 drops n'anf 30% hydrogen peroxide. ’ N I
: {3), The satiples atre combusted and allowed to remain untoucheé‘-‘z;gti]v.“ ’
9 no further vapors are. observed in the flasks. As a precantion -against )
leckage, a small volume of isopropyl .alcohol ‘may be added tc .the lip of
g . ‘the: £lasks.. .
(4) Transfer ,thc; comf:ust:i:.pn products to a 100- ml bgql&er with isopropyl
L -aleohol Keeping the total volume at 50 ml.. o ) :
’ ‘ (5) One should check. the appafent pH of .t:he: sqlution;;tp be tiigrgggd~
g8 to insure a pH of 2.5-4,0. The pH adjustments should be made with 0.01 N ;
pézchloric acid or 0.01 NH,OH. o - ‘
: ‘ (6) Add 3 drops of thorin .and 2 drops of methylene Blue, . o,
?j‘ A (7) ‘Titrate to the first color s:?xaﬁgé with 0.01 Mbar{:f.\tm pefchquét‘-e;. -
Eg’ff <’ G’ai‘é‘:t;lati”bﬁs o’fngxpevz';ivh'et}tg‘fl}%{rééult:g?w ; oo o - o )
é{y ’ AVailable ddtas co e Cet e S {
(1) M = Molavity of bariun perchlordte j
f (2) V= Volue of \ba,lé‘i@"ei’ier‘?ﬁlbf@téf used fn .
titration - ’ e
e (D 'Welght of Semple siwillgrans 1 U .
% Sulfur = ?a;p‘llexwzi\;ggﬁ , T : | - -
v : . . _ . 0 | :
. .
a"’ Rl S S, -,, o
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§% : . INTERFERENCES
Sevéral authors have repoz;,/ted no. interference from. chloride, bromide,
dodide, nitrate er phosphate fons after combustion in the Schb’niger fiask;
but flucride must be masked with some agent to prevent interference.
A. M. G. McDgBald {Reference 2.) regoméixds the use of boric .acid, while
se.veral other authors- (Referencé 2.) use aluminum, and iron. ‘
X Eydrogen. peroxide added to convert all sulfur to the 804"" form need
not be destroyed prior to titration.
. PRECISION AND ACCURACY OF THE ‘SULFATE DETERMINATION..
An evaluation of the précision and accuracy of ‘the determination of “
g ‘gulfur by the }:af;!;ﬁm perchlorate~thorin indicator method has been made:
. In Table T are listed a series of results: .obtéineci for cystine, a National
N | . ; . J
X F _ Bureau of Standards certified standard, and:-chloropropamide, a-Quality
f‘ﬁ cve o 17 ¥ -Control working standard. v :
g . % f The precision .and. accuracy ‘data are sux‘nma:ize&” below:
% [N i . . g .
e o N S O L%
v g e o . - . ) -, o
£ N _Gompound shh % Sulfur Found % Sulfur, Theoty
A 3} o ) ., (Average Value ¥ 1.96 x.Std. Deviation). L S
; O E Cystine Lo 26.74 t 0,277 ©.26.69 .
g“ chiompropemme : 11.79 +.0.14%, 111,59
‘ {‘;} f‘*V ’ S
§ v ' -F
7“ 2
& . .
- - <
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TABLE I, SULFUR DETERMINATION OF CYSTINE AWD CELOROPROPAMIDE
é. Cyat:lne . A ) ( ‘ ‘ *
Source: National Bureau of ‘Standards \
* g sulfur Deviation From Average QE&V.iationzz ‘ :
26,82 .15 0169 ., . . {
‘2625:0 , 9.24 . X X 00576 . lj
26.65 -:09 ’ .0081 :
26.66 ' Tos08 T S 06 e }
' 26.86 "7012 . A . .. ’0144" s j
’ 1
26.80 +.06 +0036 |
26.85 +.11 .0121 o ;
Average Value: 26:74 . _ Totak , .1i9L .- f
L B = + . A ‘L - ‘
S " £ ‘“91 + 0189 =t 016 o ‘
Average Value = 26,76 * 1,56 % 0.14
= 26,76 EO27% T <L cenanwd
Lo . ~ s ;. Theory = 26-69' R S N T A S
B.. ‘Chloropropamide Che e e o :
Soutce: Quality Control Standard: - :
’ 1
- . - cm LA
% Sulfur Deviation ‘From Average gDeviationzz K
vt 31.8F +02 0004 L
11.89 #10° - L0100 . ¢
" ingo -0y 0081, e
11.84: +405 - : 0025 .. ..t 1!
B s B ¥ S =08 - - - coees - T T T
1L.77 -.02 0004
11.78 -.0L 0001
Average Value: 11.79 Total L0279
G~ = ¥ NI0047 = . = 07
2 Average Value = 11.79.% 1.96 x 0.07 < E
o = 1L.79 ¥ 0.14 ‘o
et Theory = 11.59. - - y : .
W - ) a -
2) ‘:; o8 . 8
».,0°° S .
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