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F:::.FOR 1~r• sTPY : I:lFJ u~NC-..; OF pH AND CT'fi"'Ail :.:CUT'"Ui.L SALTS 
UPO!T Tir, ::'LUOR~S04 l CF, OF SULFo:·rc ACIDS . 

T'·1e mct·1od for the quantitative detern'i.nat:i.on of substcn­
c~s in solution by comparative fluorescence , as susrestcd by 
1 J . Desha . 7?= Journal of 1\l."1erican Che.Mi cal '3ocisty, ·Vol . XVI I 
Number 7 , July, 1920, sAems to u·,rrant a further study of the 
conditions affecting such a determination . ~ho work as car­
ri .d out in this la'boratory has been the study in the field 
of different salts , (1 ) t~o effect of d:lution on the intcn­
si ty of fl1w1,escence , ( 2 ) the efft~ct of B- ion concentrat i on 
on the intensity of different salts , ( 3 ) V1e effect of neut­
ra l salts 

:Zxperi 1cn tal --- - ----
ArranGemcnt of Apparatus , 

The apparatus used <1nd its '.1J,ranr;e"'1ent were the same a s 
described by L . J , Desha ( loc , cet except that the Kober n p-
helometcr was equipp<,d ',ri th Lhe :·1ctt Toll Reader , 

Cor1~ounds used were C. P. products of Eastman Yodak Com­
pany wh5ch were not further pur.tfied by recryscalization . 
~xcept p - p 1entidine sulfonic acid ( tee'· n.tcal grade ) and the 
i: Salt of E ,sorcin sulfonate , and I\ Salt of Hydr•oquinonc 
sulfonatc , nropa.red in the la',oratory by T. R. R~lston acc-.)rd­
ing to t 11c :nethod descri"::>ed by Ko.uff··nan 



No . 

1 . 
2 . 
3 . 
4 .• 
5 . 
6 . 
7 
8 . 
9 . 

10 . 
11 . 
12 . 
13 , 
14 . 
15 . 

(2 ) 

Preparation of Solutions 

Table I . 

:rar.ie of Compound 

Na 1 naphthol 4 sulfonate . 
3eta naphthalene sulfonic acid . 
Sulfo - 0alicyclic acid . 
Na- m- div:10 thyl ar1ino "benzene sulfona -te . 
:·a- i - die thyl ai:1ino benzene sulfona te . 
fhenyl p - toluene sulfonate . 
Tctrabrom eosine . 
P- phentidine sulfonic acid . 
Na Chloro Benzene ( 3 - 5 disulfonate . ) 
Na 1 napht½ol 2 sulron~tc . 
Nitroso R Salt . 

230 ,. 166 
208 . 17 
21S-. 108 
223 . 188 
251 . 176 
248 . 216 
648 . 84 
218 . 208 
316 . 694 
230 .16 
361 .110 
835 . 84 Iodeosino . 

(Ralston ' s) K 
C1alston I s) K 
Fluorescein . 

Salt of Roso~cin sulfon . 228 .176 ✓ 
Salt of Hydroquinonc sul . 228 . 175 / 

332 . 20 

0 . 01 Itolar so:::.uti;-ms were riade of each of the above 
salts . :?or the purposP- of comparing the effects of cha11ri;c s 
in pH, there uas pr•epared a series of buffer solutions con­
si.otinq; of phosnhates and borates , mixtures recorar:1ended by 
Clark tThe Deter 1;iinati,""ln of :Iydroren Ions , Par;e 76; 1920 . ) . 
Carbonate free a/5 NaOH vras prepared as follows: Metallic 
sodium ms cut and -Neir hed under benzene , then dropped t'· ru 
a reflux condenser into distj_l_lecJ \vater C'Jve:red with a layer 
of ether . After tl1e lTa had b ,on clissol vcd , this waq dij(lutcd 
to the desired str0ni:·;th, and titrated ari;ainst a standard acid . 

Each of the below solu+i~ns were ~ade up to 180 cc ( so 
that for tests 9 cc may be diluted 1 .rith 1 cc of f'luorcscent 
s6lution and still give 1.signated p~) . 



• 

pH 11/5 

5 . 8 
6 . 6 
6 . 8 
7 . 0 
7 2 
7 . 4 
8 . 0 

pH r:/5 

8 . 0 
R. 6 
9 . 6 

pH rT/5 

8 . 0 
8 . 6 
9 . 6 

' . 

(3) 

Table II . 

KH2 P04 I /5 NaOH Diluted To 

50 cc 3 . 72 cc 180 cc 
50 cc 17 . 80 cc 180 cc 
50 cc 23 . 65 cc 1 80 cc 
50 cc 00 ~ .... 

r_,._ • L")\J cc 180 cc 
50 cc 35 . 00 cc 180 cc 
f50 cc 39 . 50 cc 180 cc 
50 cc 46 . 80 cc 180 cc 

Table III. 

13oric Ac1d . /5 :~Cl Na.OH Di Ju tecl ·To 

50 cc 3 . 97 cc 180 cc 
50 cc 12 . 00 cc 180 cc 
50 cc 36 . 85 cc 180 cc 

Table IV . 

Boric Acid T.T/5 Na OH Diluted To 

50 cc 3 . 97 cc 
50 cc 12 . 00 cc 
50 cc 36 . 85 cc 

Qualitative :Sffects of Dilution 
On Fluo:r•e scence . 

180 cc 
180 cc 
180 cc 

1 cc of the 0 . 01 Jiolar solutions listed in Table No . l 
were added to 8 cc of distilled H20 and 1 cc of N/10 NaOH . 
A qualitative deterrriinar;ion wa3 made of t1ieir intensity o.nd 
color of fluorescence . ~~ey are arranged beloIT in the order 
of their intensity. 
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Table v. 
Strenrth 0 . 001 :1, color and intensity of fluor~scence . 

15 1 10 7 8~:- 11 ,5 12 9 1 13 14 2 6 3 

G/Y D/B L/B 0 D/B D/G B D/0 G L/V VL/G VJL/B SJ i'_i:1 ,t 

Stren.r.:th 0 . 0001 :·. 

L cc of 0 . 001 111 .soJ.ution , 8 cc of dist ·_11ec1 \mter and 
1 cc of H/10 H9.0H . 

15 1 10 7 8 11 18 5 9 13 14 2 6 3 

D/G D/R L/B Y D/B L/G L/0 S1ig1Jt . 

Str"'nf;th 0 . ')nQ0l ·i 

1 cc of 0 . 0001 I( soh:.tion , 8 cc of I20 and 1 cc of 1;/10 
IJaO : • 

15 

D/G 

1 

B 

10 

L/B 

7 

LIY I 

11 

B 

12 

P/Y 

1.1.'he follo1ving abbPevia tio:1s fm~ colors are used in the 
above table s:-

G/Y = G:,,nenish YelJ ow; D/B ::. Dark 8lue; L/B = Lie;}it ·nue 

O - OY>anr,e; D/G = Dar~-: GJ'.'oen; B = Blue; D/0 : Dar:: Orange . 

G - G-re_,n; T /V = Light Violet; VL/G = Very li';ht Green . 

VL/B : Very 1.:.e-'-, t Blnc ; P /Y = rale Yellow . 

1:- Solution on Standing loses its intensit:, . 
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Quali.tative Exar'lination of Effects of 
Change in pH . 

A qualitattve examina~io, of efrcct of change in pH was 
,uade by ta r:tne; equal amounts of the :mf.i".'er soJu:.,Ion pH 5 . 8 + 
pH 8 . 0, 'lnd arlc1inr, equaJ. ar1ount of fluo..,..,-.2c ,nee solut i on 1 1d 
noting the effect as lelow . 

Table VI 

Soluti 0 ns 'is Ta',le I . pH 5 . 8 
·;11."lber 

1 Sli~~t fluoresJ01 c e . 
10 Slirht fluorescence . 
11 Sa~e as at pH 8 

5 3ar , a.:: ' 1 t, i:1II 8 
7 Sa1e as at pH 8 

15 Sa .e as at p:I 8 
12 3n"l.8 a at pH 8 
13 '17 i, ht .t'J.,,_ "'I ·sconce . 
14 SL~f-.t fl h)l"8SCC cc . 

pH 8 . 0 

V,;ry :Srirl1 t 
Very l:,.,5_r:· t 
8~ 10 a at pH 5 , 8 
Ja~c J at pH 5 . 8 
Sa 1e a3 at pH 5 . 8 
Sa e ·- ..:; at pII "i . 8 
'}['. 'C a,.. at pH o . 3 
Rr i' ·· 1 t r· . 
13ri ,,.hter . 

1.'!i.th Tab.le Hunber VI as basis , I "'113.de up for qua'1.titat:::.ve 
cor1··1a:i"j_son t1,~, .2ol l o•ui-:.i.p solu~ions as r:i vcn in 'l.'a',le Nurfo .n' VIJ • 
These bu.ffers \,ere ·1·1de accoruinr; to Clar·k ' s diluti m to 1r:,o 
instearl of 200 cc so ::hat 9 cc 'ilay °i:)e dilute cl HJ. t'-i l cc of 
fluor"~cent coh1 tj_o:n and gnt d•isir;nated pH 

Tal:ile VII. 

pH "/5 KH PO NaOE c . 00001 p 
diluted t~ 180 cc . Na 1 napht' ol 

4 suJ. ron' to . 

o.8 45 cc 5 cc 
J . C. 45 cc G cc 
S . 8 ,15 cc 5 cc 
7 . 0 .:1:- cc b cc 
7 . 2 45 cc c; cc 
r; • A 11 h cc s cc 
.o 45 cc 5 cc 



, 

G. O 
8 . 6 
9 . 6 

pIT 

3 . 0 
8 . 6 
9 . 6 

( 6 ) 

:·V5 "Sorj_ c >I.C; n :rc1 -
NaOH clilu~e~ to JBn cc 

45 cc 
45 cc 
15 cc 

:I/.5 Bo1<c \r · cl - :•~aOIT 
d1 1 ut~d to 180 cc . 

45 cc 
115 CC 

4:5 cc 

O. C'O0O1 M 
l!a J Hor111 tro1 
11 sn-1 fo~ ~:i. tc . 

5 cc 
.5 cc 
5 cc 

o. 01,001 :r 
lh l raoht11ol 
4 sul ['011a-r,e . 

G cc 
5 cc 
i.; '- cc 

·.=.·he C(, .... 1pa1•t.i. ti ve 1'1u0res ~er r:e of t•,E, above so l.uti,)ns \"ias 

t-: en rlct.er;1.:r,orl b~~ -!:ho ~1"lt~LOC1. 0f 10.t;:-11::.nr, the j_ntc11si ti-::s 
of colunms o·,., c":~ff 1'cnt 11ci;··hts as dcsc,,'..hod by L . J . 0P.s'1.a(loc . 
cet . ) . 

T•1c :11tcns 1.ty Tr 'i:"ie !'1,oc Jl1ate 
r"lxt:uro of' plI 7 . 0 

(J+;ar' a ,,cl) 

For· c )Y'VA1Yi.P,nce ln com11artson , qnd -'..n t-:- •. e p:1..cttinr, of 
a ,·u 0 ve. to s1ow the 1•13ln.ticm l,etve 11. int.ms;_t:r and pH valne , 
the il'.1te 'sity clue +;o pP 7 . 0 1·as 1;ql1ed 100 anr: ot' ers cal­
cu7a ted to t 1 lis . 



esul ts of ·1eusu ·ement . 

Table VII I 

Fluoremet ··c eadings of la 1 naphtho l 4 sulfonat 
0 . 00001r· fro ·1 ,n 5 . 8 to pH 8 0 Phospha te:3 . 

pH Co 1..,are l 
'1.10 11TI 

:- . 8 7 . 0 
6 . G 7 0 
6 . 8 '7 . 0 
'7 . 0 '7 0 
'7 . 2 7 . 0 
7 4 7 0 
8 . 0 '7 0 

Rd,.. . o_ 
("'OJ.. • ) l,anc.e · • 

~o .oo 
20 . 00 
20 00 
20 00 
20 . 00 
20 . 00 
0 0 . 00 

30 . 00 
25 . 50 
24 . 47 
20 . 00 
16 40 
15 47 

7 50 

Inters:ty taclng tat 
lue to p r 7 . 0 as 100 . 

20/30 X 100 : 66 . 7 
2v/2~ . 50 X ~"'0 : 78 . 5 
2 /~a 47 X 1 "tQ - 8] . 7 
'2"'/?r 100 = 100 . 0 
20/1,.. . 40 X 100 := l ~2 . 0 
0 0/lo • .d.'7 X 100 -=: 1~9 . 2 
20/ 7 . 50 .. 1" = J 37 . 0 

T en to n-et a hifh~ 7• ·1 th n f .0, o ic Acid · CJ uas 
used . Ju 8 0 KT-T2 4. as Pta1da d c'1~r , __ ,., 1 o ·c Acid Cl I 8 . 0 
and found that t he•·•e, as a "llo.r.ced l"fr :.."'once i-r: tl int..en::iity , 
0f pTI 8 . 0 ori.c Acid 7C and p 8 . 0 of I~2P04 

pH 

n 0 
8 6 
9 . 6 

C'1 
,0 

p - r ( 

n • 

8 . 0 
8 . 0 
8 0 

sul t" of ·•ea::iu 

Ta"ble IX . 

• 0~ 
,.., ~ nda •n . ) 

20 . 00 
20 00 
20.00 

.. t' P, C 1 "' 

f e f 
p 3 . 0 
.o 0., 

:;>P011 . 

d tT • of Intens·ty .,_a ·i·'.lg that 
• known . due to pF 7 . 0 a" 100 . 

35 00 :;o/35 .oo X 100 -== 7 . 2 
31 . 30 :;o/3., 30 X lOC = ~ 9 
:"O 00 0 r/:---o oo X 100 = 66 . 6 

t',,. dee •e se ln · 1tensi.t ·"' t,ll 
an 1 co par,d ·r 8 . 0"' ·ic \c "d 

,-,. 0;1 ,..,1 se ch c'· d \,'"'.;'. • 4 ,' • 
··c Ar-·"d ·':; ,.,,...,1 "-; e.,...e \ o t e sa.e 
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es· t of ent. 

o~ C \cid ~Cl d O C c· l ~rec 
'a' tlol 4. s 1 01ate 0 . 0000r~ . 

0 C 

"7ro 

pI~ . 

".o 
.o 
.o 

"--l!'o 

1H 

v 8 
6 6 
6 . 8 
7 . 0 
7 0 

(J 

7 ,1 

.o 

Ac· :1 ·c , or .i c · c · d 
; ~l . 

,.,., 
\ I .1. • 

, 
.of ... 

20 . 00 
20 00 
0 (; 

~ 

l • 

.o 
8 . 6 

. 6 

0 .,.,. 
i • uC ..., ,y ~n."::i.n 

due to ·1 ''1 . 0 as 
: at 

100 . 

2'"7 
, I 7 • '"' .,.. ;>,,,..7= 2ns 
~, / . C' ""'" 2G7== , 09 

... 7 ~ • .., l 

·1 ·nc n:::; · t:,~ · e to · ,1 ms deter· ·n..,d to 

1 0r ,"-r . C 

ate n.oo ., - . -
.d,?" . of 

,., t;andqr 

7 . 0 20 . 00 
I 0 20 . 00 

.o ~() . 00 
r .o ~o 00 
.o ? .oo 

7 . 0 '"'() . 00 
7.0 ~G.00 

, 

Ra ·ton ' s" t ~o~ ir~n 
5 . 8 to '1 ~ • C i'' o .J a 

d • o_ - t' at 
1• knorl":1. ·r r7 . 0 as 100 . 

27 00 
<),) . 00 

.oo 
o.oo 

17.4. 
1~ ,A() 

50 

20/27 . 00 
20/23 . 00 
20/2 .oo 
20/20 no 
.o/ 7 ,10 
20/,5 . 40 
o/ s 5o 

7 :::= 74 l 
X 10° == i-• . 0 
X lOQ := J5 2 
~ 1"0 = , n . n 

X ,,.'"' = 115 . 0 
x 1 r- =. ' , • l 
X 10 = ,,,-5 . 0 

o ··0 c · cl - ":l, d ,....., e ,.r; 'cct :)Il K ,...,..lt o 
.. on ' s) ::: 0'1. ·1 7 , p',t1--iril , s1.,1 .:::'o"1'.:". 0r i c 

;r:,oq · ·none 
· d -~r;1 

c •ed ,o ·--r 2P01 H fi 0 . 

• • 
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p Compared , g . of d • of I1 t n::ii ~~ 'cl:iu that 
L 

to pr Stand d • 11 en rwn . du to pH 7 . 0 as oo . 
e.n 8 . . .,o 0 :·5 . 50 X ]( () = filj ' 
8 . 6 8 . 0 20 . 3 .oo X l< r =. C4 5 
9 .o 20 00 29 . 0 4c - c - 9 0 -

Cor1pou!"ld 0 C c.:.d Cl vith ""'o .:.c .cid 
.,.. 

e ·O , c __ 
.L 

P•T 8 . 0 . 

or.i.c ci.d f ·c, o""l:c .C . a ·-r::i Int si ty '~"' 1cinr, t: t 
le o p•T ? . Oas 100 . ,.,..,. •rr, 

• 

PTT Rd • ) 

r .o ';0 00 .o '5 . 50 
fl . O 'O . QQ t") 31.00 
9 . 0 a.no 9 6 ...,a .oo 

Ta' l 

11 r 
:-'Ulfon te 

t •·c rcad:ng c! ( l I ) • a s ,n E i Salt on Reso ·cir 

,0 
to 

G. 8 
G. 6 
. • 8 

r• .o 
7 . 2 

. 4 
8 . 0 

'"'ulfo 

• n~ r)~ p ' . 8 0 p T 8 . 0 . 

·)ared R' . of 
pH 

-.o ., 
C 

7 . 0 
7 . 0 
1"1 .I) 
7 0 
r· . 

~t'"' r ard. ) 

?0 . 00 
on 

~0.00 
:::0 . 00 
21 . ') 
20.00 
20 .oc 

,.,.; d --c1 ·.Lrid 
' 3 0"1 0 

C . 1 

~o ')0 ',0/~0. () X 
?,4.. f-0 "C'./2'-' . n 
t")"I .on '"'0/0 1 .on X 
21 . 00 20, 0 0 oc X 
1 . 00 2n/1 . • oo X 

2.7 . 00 0 C'/1'7 . 00 X 

.~o 0 0/ . 9 X 

e " P. ef'"'Ac-1- on T 

r sa 7 t,., 'l OVP. . 
T 'jo 

2.L 1 - 8 . 0 

L . 1g t· at 
7 . 0 ,., 100 . .... 

10 6 . 7 
JC 5 . 2 
10 r 5 . 2 
10° =- , ,o . 0 
ll - , 5 . 2 ~ 

100 =- lJ.7 . C 
C =- 224. . '7 

rc·11. 



TT 
l. C:o 1pa • cl 

0 pH . 

8 0 a 0 
8 6 8 . 0 
,.... 

G .o < 

o· C Acid 
r· •o, I'" ~ J 

nH :td(T . Stn C 

R. O "'0 . 00 
. n ,0 00 

8 0 20 . 00 

,., 0 

re in+enJ· 
~fa 1 n<>p" 1t 101 

·s .s,en to · 
8 . 6 t:· o inc e 
pH 8 . 6 t e in 

r· .,t-''l 

. 

oi' I"'-'c n~ity J '1, . t t luc ) . 
TTn own . to p. l"1 50 qs :..oo . 

" .no 3r• 00 20/ J'7 00 - 1 0 = -4 . 0 (, " 
20 . 00 31 50 (")o 1--, ho X 1 r, -

,.., ,.. 
, I' • v u • ...> 

~() . 

'1ric 

() ·.c 
·~r;1 

pH 

8 .() 
8 6 
'J 6 

,... zo .oo r 0/30 . 00 X 1( (' = G. 6 

cid 'Cl \ ith 

/\.c . c ... ~ nE:ity ta ri_~r, ' as 'ue "",o pTf , 
1--f .o s 100 

. ~24 7 
7 00/,·1 . )0 X Q0/; t - ?6 8 ..., , 

, .... . o/;,;,o .oo X 
..., 

•1 - 1"77 1 

')l cus..,lo of '""".l]. ts 

l at , "01 

l 0] St 
di o O. 

' l_ s 
a 

J t . .,., t of 
l..,t 11) 
1 -

C'lrV , 0.., 

is c • ase 
o>n pF 7 . 2 to 

and re · ' ar • c d 

l 

n a· o t not' : ., s 

The s , re ., · •r~7 and XII s· Oil t' at 
the · t · y f la 1 a, ta 4 ulfonate , 
pa 1 na 2sulf')'1" -'-e ., and ( · ls ton ' · ) K "alt of Hydr uin0>-ie 
sulf na d to~ cin ·; e 1,, tle aa ~ ~ t e 
ryre~ 1c ~ • at9s ·s -~:sin ~ e -res .. ce of oorates . 
'.::hese J- • a "''.ou -::;·Lat - e · r s nc, of KCl i n t·1c borate 

i e ef"ect o: il4 . 5 ,Jon · +, n,;ty o~ :'11 0 s -
cence . 
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Gurr, mry 

In conclusinn , ue r.a~ ay that : ( 1) .'.:o::- fluore'Tietr · c s~udy 
o . 00001r• solut · o,s of Na l nap}1t11.ol 4 '"'ll :'0..,_ +e , and ra 1 naph­
tho1 2 sulfonate , and O. OOOJ:lf of ( '1.lsto,, ' , Yr 3alt of Hyclro ­
qui1one su"'.fonate , and I 'Jal t of es-rein tl:;_fonate , '1'1ould 1:)e 
used • (g 7 0r the2e ~alts, t1e int 7qity of fluo ~c. ce 5n-

1·ea..,~s c,r , 11ally ,i t 11 .creased H- _;_ 1 ro"1.centN1. t · o up to a 
rlefi1 i te er-· +,ical noint---then , ther is a .1:•ap--i_d o.nd re··ulo.r­
increa ·e up to , s .,cond critical noi 1t , •1fter ,.rhich the increase 
is VCI'Y slig"lt ; ( 3 ) the i·1tP.ns:i.t,'" :i.s t'. c sate in the nrcsence 
of pho...,p 1 tes nd · or tet:1 , 'mt YCl '.as a marl:ed dampe'1L1-::; ef ­
fect 

The I:nd . 
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