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Rr VALUES OF ORGANIC ACIDS IN SELECTED SOLVENTS

R.D. HARTLEY anp G. J. LAWSON

Department of M ining and Minerals Engineering,
Uniiversity of Bivmingham (Gveat Britain)

(Received May 15th, 1961)

In a previous communication! a method was described for the paper chromatography
of organic acids in which the indicator was incorporated in the solvent mixture.
Because of its rapidity and simplicity this method has found considerable use durmg-
the separation of complex mixtures of organic acids resulting from oxidative degra-
dation of large molecules. The present paper includes a list of the R values of more
than 120 acids, which has been compiled for reference purposes.
© The acids were examined in six solvent mixtures, and the results are shown in
Table I. The acids are grouped according to the number of carboxyl groups in the
molecule and numbered consecutively from 1 to 128 to facilitate reference to them in
the text. The chromatograms obtained using solvent 5 were examined in ultra-violet
light (principal wavelength 3650 A), and any acid giving a vivid fluorescence was
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Fig. 1. Rp values in solvent 5 versus Rp values in solvent 1 for acxds hsted in Table I. @ mono-
carboxylic acids; m dlcarboxyhc acids; A tncarboxyhc acids; O tetra-, penta-, hexa-carboxylic
acids; [0 miscellaneous organic acids, inorganic acids. Band I: monocarboxylic acids. Band I1:
dxcarboxyhc acids. Band III tricarboxylic acids. Band IV: tetra-, penta-, hexa-carboxylic acids.

J: Ckromatog., 7 (1962) 69-76



R, D. HARTLEY, G. J. LAWSON

o
Lo

T

anjoy-¢ -

J. Chyowmatog., 7 (1962) 69—76

26-tg 83-gL 1g-€L 001-L6 001-g6 001-g6 i ¢ 1€
co-Fg 88— £g-¢L 001-L6 001-g6 001-g6 ¥l ¢ omjoy-ue of
z6-tg 9g-g. Cg-g/ oor-6 001-g6 001-g6 ¥l ¢ amoj-o0 6z
L6-16 Lg-1g og-¥L 001-g6 001-66 001-66 AT ¢ srordoxdifuayg-€ - gz
a6-Fg ¥g—C/ og-14 00196 00166 001-96 Q ELuoyg Lz
16—€g 6g—2g z8—9L 001-g6 001-60 001-66 v 1 Jozuag 92
g6~56 6-¥g g6-z9 001-g6_ 001-66 001-66 1l ¢ apy)y Sz
06-£g €l-1g 69-z9 66-C6 001-L6 001-g6 Y49 I Jydxoqeesueing-z - vz
Lg-gL, — — — — — i K 4 - oydip €
€6-+g, £g-€L, gl-ol, — — — AT ¢ JNWOIOI)-SUVL]- 22
90-Lg 06-1g ¥6-19 — — — UV I IIJAIBOIO[PUL],  [E
t6-Lg g8-2g €g-€L 001-L6 00146 001-86 6 JMWINAJOIONYLLT-G‘CC oz
€6-06 ¥6-gg ¥6-2g — — — 6 JjedeoIonyLy 61
go—co_ — — — — — 1 =< Jreary gt
Lg-al 9l-Fg €9—<9 9616 001-L6 001-96 WA LI
9g—€. ¥g-69 g9-6¢ t6—zg 001-96 001-£6 € oufjnqoxQ-c 91
€/-99 tr-62 zS-oF €g-14 €6-69 Fo-Lg Y49 1 oanafg Cr
z9-9F 1t 9z-t1 €€z . €l-Ch 99-1€ o1 ysxos ¥1-
€L-C9 o¢-1¥ L€-o€ o€-g€ €/-C9 09-0¢ Y9 1 ‘ swm@) €1
€g-9. tl-lg  99-g€ ‘g€-€¢ 69-6/ L6-16 L6-69 1l ¢ suding-u-£xorpSp-€ ot
96— -06  001-g6 001-L6 v
€o-¥/ 1/-09 Lg-09 ‘Lg-LL “€6—06 ‘26-Cg AV I oey 11
zg-2L g¢-gt 19-2§ _bl+vg ~  6g-ig og-zL £ OIS o1
001-06, 66-6g, 26-LL — — — Ud9 ¢ Jloueda(q-¢ -6
66-€6, 66-06, 16-gL — — —_ Udo ¢ ofxdeyu " g
§6-06,_ L6-6g, Lg-LL — — — ydo 1 otoxdey-u L
66-£6 £6-9g zg-€L — — — Ud9 I OLID[BACS] 9
€6-19 16-£g 6.l-z/ — — — AdH 1 ausnqosy €
£6-Cg 06-1g 0g-€/L — — — D) it S oufing-n ¥
g9-0g zg-€. 9.-69 — — — T ¢ owordorg- €
— — 1l-19 — — — vt APV T
— — ol-19 — — — v I oMo T
SP1Iv IX0QAVIOUO [T :
34N 9 Juanjos € quanjos F quazes £ juaajog Z Juanjog I uanjos . .e<.,.
u - Syond  auinog v !
23UIISHOBY oor « anpa dy

. 6D

SAIIV 40 SANTVA Iy

1 dTdVL



71

Ry VALUES OF ORGANIC ACIDS

(86 4 140 Ponigyfiend)

B4 aas ‘saoui00) pun span jo Symnb puw aaanos dog

g

uaMA PIATA
taadd PIATA

amq PRAIA

angq prary

ngq prary

anq prary

an[q  prary

mpq praip

=14
gé=49
94=Fg
#4=-09
19-g¥
£«

€g-o

49
98-g4
9/-69
z6-Cgq
¥l-¥g
6/-ol
£€6-gg
€6-<q
z6-£g

G6-kF

16=6€
qb=6¢
b=zt
1€=07
92-0

66-+6
9668
€o=bg
€g-9L
R4-89

ani=g6
66-66
96=a0
26-5¢
og-bg

00-45- -LF bg-24

9.-59
Lg-FL
6g-L§

ao1-16

a01-66
a01-L6
00146
001-g6
001-g6
a01-L6

001-56
001-96
ao1-L6
001-86
001-86
g6-£6
L6-98
001-L6
oor-¥6
oo1-L6
9.-99
06-1g
6-Cg
66-56
66-C6
001-16
66-C6
001-96
001-L6
001-96
001-96

SpIan apSxoqeni(

zh-eg
L6-6g
$6-Lg

a0i-66
00146
001-96
a01-66
001-96
a01-96

001-£6
aot1-L6
001-66
001-60
ao1-66
001-96
001-g6
00I-£6
001-66
001-66

zl-z9

88-9L

6g-0g

g6-£6

66-+6
001-66

66-96
001-96
00166
001-66
001-66

001=46

L6=16
F6-6g
Ag=1f
Fg=64
94-£9

Lg-¥L
z6-og
a6-1g

001-66
ao1-L6
001-G0
aor-g6
001-56
ao1-g6

a01-L6
ao1-L6
001-66
001-66
00166
001-96
001-€6
00I-£6
001-g6
0o1~-66
99-9¢
€g-€1
Lg-6.
g6-£0
66-+6
ao1-66
66-16
066-€6
001-g6
0o1-66
00i-66

gD
A9
UdD
AV
UdD
AV

U9
UL
H{!

AdD
q4dH
¥do
a1
a1

qdH

qdd

qdd

AdD
U
d1
AT
g1
¢

U1

-— Y

NN e et

o

AL & M i DN DS 00 O = O ~

NN oo

Ofjauff
adipy
ATy
AupINg
Ao
AIXO

vy MAxaqERA-P-auipLs g
ayAxaqvd-E-aupri g
aAxaqivd-g-aupLdd

¢ s NIAXOQIED-6-2UDIIUBUAY ]

ayAxaqeer-€-auajeqiydeu
-Ax01pAy-z-omorg-9
aroyyydeu-z-AXorpAH-€
atorpdeu-z-AxXoIpAH-1
anade-r-auajeyiyden
sroyyydey-z
soydeN-1

orureuurdAxoIpL -
onueuurIAXoIpA[-z
JTureuur))
910zu3qoIonIteIud |
0ZUAGOINUI([-S'E
sunddiy{xoipLg-o
-, ounddrgy
Jlozuaqouiwry-o
grozuaqiiozuag-
ardxosSifuoydiyjowrj-9'b'z
atozuaqAxorpAyuy-S V€
srozuaqAxoIpAyuy-v €z
Jr0zuaqAxoIpAyrq-v*€

(ares eN) arczuaqAxoIpAyi-Se
arozuaqAxoIpAyy([-v'z
stozuaqilyjou-£-LxoIpA -z

x

a10zuaqAx01pAf-¢.

a10zuaqAxoipA -1

_ orozuaqsxoipig-o
atozeaqilyeusy-9h e
o_Emcqu?aﬁzﬁwE.,v
- . w =

89
49
99
€9
b
£

2!
19
a9

6y

J- Chromatog., 7 (1662) 69—76



0g-g9 aS-9€ oS-z¥ ve-LL 601-9g6 66-€6 Ul ¢ " awoleylyg oot
ag-LL Lg-LS £9-£¢ 001-96 001-g6 a01-g6 , awaydiq 66
Ll-g9 GC-of €c-cb g6-£6 001-L6 66-<6 € aeyqyydoworf g6
€L-C9 6V-9€ be-<y — — — RER IR (Ouegydasey, L6
9/-99 zC-ob 9¢-6¥ 66-6g - 9l-9¥, ol~Eh, AT @ L dneyyydosy g6
¢l-Cg Ly-¥€ 12514 96-6g g6-+6 g6-26 Y9 I aregyd  S6
€l—¥g €h-Le of-ot €6-¥g ¥6-gg €6-Lg I ¢ Jwodey] V6
og-L9 ch-gc Ly-o gg-€L L6-16 €6-gg MU I spewii{ya  £6
gl-39 ib-Llc 1&-1¥ co-¥g €6-06 z6-5g T ¢ Juewny 26
0l-6¢ ©€-0¢ A £g-6¢ 6-Lg 9g-0g T 2 oRRl 16
9g-6. 9GS €g-€C oor-L6 00i-g6 00186 6 owrdons-([{yjauwioronpgiiy)-z 06
69-1g 99-€¢ €g—€C 18-09 g6-+6 €6-06 6 JluINsoIonyedy, 69
S9-9S 0g-01 gf-ge 6F— —C£-61 0g-69 ol-¢¢ YJ9 1 (JRORIpOUIW] g
9/-¥g gf-éc gh-gf LL-f9 16-€g bg-z/ € aoafiSiq  Lg
A 99-1¢€ Ch-of £C-by og-L¥ 0859 60-95 AJO 1 - oWodsl 98
w}
W ¢[-%9 ch-£¢ eh-£€ €/l-f9 6g-cg €g-9L UL ¢© suendoxQ-¢  Sg
H Le-gb <11 €h-oz  LL-6€ ‘Gh-CE 2899 z9—oS £ Juusox() g
- rASEAY o
3 ¥zt or-¢ 6c-g1 ‘6t~ ~zz 69-£6 RN Y or Jexosapy €9
m bh-L€ 9l-19 o
3 R&w 121 gt-iz, ‘625z, ‘eS-bv, 1€-bz, Yd49 1 LN 28
& 09-0% £e-S1 ge—61 692§ 9.-g9 Lg-65 ydo 1 otuodnssxorplyenay, tg
m LS-L¥ 61-01 gz-61 ob-th—€€  gog-CC -z AT ¢ ouejte]-osat  og
. ag-6¥ te-1t of-oz  16-€b— €€ 1/-gS LS-gb Wil ¢ (110 a) ouepey, 6L
A Cg-S¢ of-Lt bE-zz C9—9< 1g-1l £l-t9 (1d 10°1) oty QL
Y S9-¢ 61-6 Cf-g2 29-26 18-69 Cg-+6 ot ouorpef, LL
6/-g9 09-g¥ 94-6} 001-56 001-g6 cot-L6 L atutoans{AttodPp-suvst 9L
Ll-Lg 66-Ch 64-Lt 001-26 0ot~L6 001-56 L otuonsiSpaglipog-s 6L
$.-59 15-gt ZS-tb §6-£6 001-g6 a0t-96 L atutoons(Swpowcp-syr  ¥L
9/-99 124 Yot g6-£6 001-96 00t-96 L otans(lyt €4
L6-06
el-g$ LE-¢e Sh-gt ‘el= =99  001=£6 §6-26 b i S aopuuAyisf ¢
t6-1g bl-29 Gg-4¢ 001-L6 001=66 001-66 M 1 vy 1L
Gg-LL Lg-4¢ 9-14 001-L6 00166 001=g6 } (g G aozy ol
Gy-biL 29-g¥ gy-gb 001=96 001=60 001=g6 g9 auaqig 69
e A'n 9 fliangg § fuaajug ¥ pusnjog £ pianjog & fuanjog I fusipos N
o iy ‘ — Ao aunog oy 461
N PHLISHON]

00t = Jiijtia d)f

“

(Ponugpuos) | AV,

J. Chvomatog., 7 (1962) 69-76



Ry WALUES OF ORGANIC ACTDE

. i . oS-Hb o

t-o - t-0 £-0 ‘§i~ =L g5-g geé-6i ot Jiely  iéi
pisb diji¥oqivivEatt

, , 6t=6b . 0 .

Ee-ct -0 E=g ‘gh= =gz Lo=LE b=z it sijfuoqisagjitadatiazusg o7t

PidD ijK¥6RADIDIUIf

0l=g€ 'FE=g¢ 3ijA¥0qi8d
gl=t0 'bb=Lt  ‘ii=ti‘'9=0 El=€9'gi=6  00i=66 06i=66 66i=66 £ -8i103-g'6'F'i-ausfuijiydeyN 6it
gF=E€ €=6 Fi=F i4=6€ €g=€L 6=LE b sijAxeqi8aeiiai-c'h's 1-ouazting m:
ob=6€ ] ii=€ @@nmm 61=01 g6=€€ L oij{Noqiesena)-E'C's 1-oustudg LI
g€=€z €=6 =g £6-E€ 6£=69 £6=6F €  oijf¥eqiesnnsi-b'€'s' 1-0uUsTUI OIf

go=€€ Fe=it 6€=L¢ oF= =€€=ic gg=fo=-=6 @

[t
III
wrhy
I
1
=
e
v
o
(sl

 SN189B-BHBIAUIWIRIPAUBIAINT  Eii

§PIID SHCXOQDINNA L

£0=¢€ 61=0 9€=0¢ €6=£g €6=Lg 6g=LL F oijAxoqina-E '€ [-oudruURgE  Fii
mmn@? 9i=0 o€=L1 9g=€L £6=6g €g=94 L OI[AXOGLBIL-F'E [-aUdsUBEl EXI
EE=gF Ei=F Fe=¢1 9L=Lg gg=e§  og=if £ afj{xoqiusp}-€'c' [-ausBUdgf €l
00=LF gi=L FE=Fe gg=5L 95=9 €g=0L ¥d9 1 AHUOIV=SUBM]  TIE
69=-9¢ FE=1¢ EF=0€ gb==g€=01 Fg=e9==0 §9=95==0 HJD I ¢ INPIBHIOILIN  OF I
of=EF gi=g i€=€1 k=09  €6-gg 'og=€L #6-Eg '€L=Lg L aydxofiBifuaydSxoqreaic-9'e 6oF
6E-gF f1=¢ ge=E£r 0g=1¢ 09-99 €g=06 = WV T . PP got
€9-6F €1=F FE=L1 £§=09 63=1§ Li=Lg Wl ¢ afxoqueap-E's 1-auedasd Lot
SPIaw 31640040314 L
mmmﬂmo\ Mmmmmm\. MWH@WR @quwW umm 08-59 69-F¢ H ¢ MAHOQIRIP-C'E-AUPHAT 908
tol-66  'Gh-EE  '6b-gf  ‘'el=zb  og-lo -0 w49 1 -, OuSxoqueNp:-v'E-pumEAL Sor
bL-Fo 0S-g€ eS-zb  Lo-0f'€S-gE 6Ly b6-Ig € v zoqIeap-0'-upEsd  For
mwls Sp-vE mm-% @o-wm mﬂé 93-89 78-99 € ._.&&%Eﬁﬁmﬁg%m& €or
0f-09 gE-Le €p-bE  C9-gS'oS-¢b  6g-9L £g-ol £ aAxoqrenp-Ez-aulpudd  eof
A x0q1BIP- £ E-aUBYjO
usary  e6-€g, eg-FL, zg-ol, ob-of, Lo-19, Sh-6€, € -idqydeup-ri-{xospAyici- 2'e 101

N

s

JI.. €linamatog:, 7' (£962) 69—76:



‘sioypne &q pasedaig 11

NOSNIFO(] ° “i( Jo {sapino) o1 VSN FIS\ for aaynem{ipy “ou[ ‘0] [edway) yauply 'S

SNEHJALG Y K Jo dsapna) -6 puefduy ‘oodraary #py yepoy| °f

sav [l °g 4q 1o 4sapno] g PUBR[SUY “syang “joosquio) “PYT ‘o) pue WY 7T €

NOLYOY 1 "I Jo {sapmo)y L puejduy ‘esio( 9j0oq “py] SesNoOy Bniq YSHMG ML Z

pue(3u ‘U0pUOT Py 241009 pue ugiry -9 PUB[SU ‘XSS ‘IBAE [PApPRY) "pYT sutely pue udop T

18p1w Jo sazanog

‘juadear asodind [erauaf = g9 ‘juadear {10jeroqe) = T ‘yusdear peondjeue = ¥y

3spuaw o sauypng

-AYIsuayui eam Jo J0ds © SIJ0ULP SIIQUINY OM) UIIMJA] — —
_ "Mes wingwourure se paydde ppy
"proe jo {31 ooz) Lyyuenb agqnop ym paureiqo Anssy

¥

“
o)
g
<
=
o Koy
S
b
a €b-of 6-1 g1-g  1S-Lbabgz  §L-Sg 09-2§ suoydsoydoyrg gzt
m : 18— —LL 1.- €9 R
< €9-z¢ 91-6 9t-¥e 6v-LE ‘ol—gS ‘gb—gt v 1 sungdpg  Lzx
i 98-99 gL-<s oS-L€ — bg-LL al-99  WdD 1 (es 1) onoppreg 92
a €g-9. g 1l-29 LS-6¥ ¥g-gL €/-g9 v I MmN Ser
. bg-C/L 99-9¢ 99-LS 6v-t¥ 99-29 oS- v 1 auojyaoIpAl bzr
spiav nuuwdiong
£6-bg v6-bg 63-9L b6-zg 0016 001-£6 AV ¢ iy €zr
() 69-z9 99-6¢ z€-L o/-oS Lyt v 1 auueyding  zzx
SP19Y 21D340 SHOIUDIIISLYYT
M8 AN 9 Juanjos € puanjos ¥ juanjog £ tangog " 2 usngog I pzap0§ 0
1 appm)  aunog PV N
ouzIsIAON]]

oor X smwe dy . ” ».Ew

74

(panuyuos) 1 FIGVI,

J. Chromatog., 7 (1962) 69—76



Ry VALUES, OF ORGANIC ACIDS 75

moted. Aaylic add (zoo gg per spot)) did not show up after chromatography with
any of the solvemts.

Fig. 1 shows a grapih of Ry walme in soivent ¥ zersus Rp value in solvent 5, for
alll acidls wihich gave: discermiblle spots: whem using these two solvents. The Rr value
plotted was the mezm of the mimmom and maximum values shown in Table I. Acid
g, wihich gawve: fomr spotts im solwent: 5, was omitted.. In general, the acids fell into
Ibamndis according to the mumber of carboxyl groups.in the molecule, in 2 manner similar
to thait illnstraited by Howe® for different solvents. The following were exceptions:
adds 14, 135, and 84 (z-osoacids)); acids 40),. 41, 42, and rox (di- and tri-hydroxyaro-
matiic acdds) ; and acids 635, ), o, 105, 110, and rx5. Sulphanilic, picric, hvdrochlorie,
miftric, amd perchioric acids appeared! in the: monecarboxylic band, sulphuric acid in
the diicarboxylic bamnd,, amd erithophosphoric acid in the tricarboxylic band.

METHOD

The adids to be dromatographed! were: dissolved in water or ethanol and pipetted
omto te startimg Ine of the: chromatogram,. which was. 2.5 cm from the edge of the
paper. Adids that were net: solblle in either of these solvents were applied as their
ammomnimm salts. Approxdmatelyr: 10 ug off acid were: employed for each spot; if a
particular acid gave am unsatisfactory chiromatogram: then: this weight was doubled.
Mimeral acids were applicd as decinormall solutions: (approx. 1o ul per spot). The
diameter of each spot was mited to r cm. The solwvent mixtures were prepared irtnme-
diately before wse from materials which hadl not been: specially purified; equilibration
was found to be mmmecessary-. The compositions: of the six solvent mixtures are shown
ellow..

Soleemt zr: Ethyl formate-g9$9%, formic acid—water (r2:5:3 v/v) containing
Ibromophemol bine (@.ors %, wjv) and sodiam formate (0.05 % w/v)..

Solventt z: Ethyl formate—9$9%, formic acid—water (2:1:I v/v) containing
bromophenol blne (@.or3 % w/v) and sodiam: formate (0.05 25 W/v).

Saolvemtt 3 Ethyl acetate—glhcial acetic acid—water (2:1:1 v/v) containing
bromophenol hine (@ors %, w/w) and sodinm acetate (0.05 % W/v).

Solventt g Ethanoll-water-o.880 ammenia (35:¥3:2 v/v) containing thymol
Tilue (©.03 % w/)-

Saoleemt 5= Ethamol-buffer (7:3; w/v) containing chlorophenol red (0.03 % w/v).

Solvemt @ Ethamol-baffier (r:r «/v) containing chlorophenol red (0.03 % w/v).

The buffier cmplloyed as a constitwent: of solvents: 5, and 6 was an aqueous solution of
ammaomia and ammominm carbomate: (1.5 N with respect to each). The ascending
techmique® of solvemt fllow was emploved withh Whatman: No. r© paper and 100 ml
of the appropriate solvemtt, 21t a termmperature of 8 4+ 1°. Chromatography was alwayvs
camried oot im the machime directiom of the paper.. The length of solvent flow was
Timmiited to 2o com from the startime lne..

J- Chromatog., 7 (1962) 60—76
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In solvents 1 and 2 ‘the:indicator mowved «with :an Ry walue @f wmnity;; iin sukarts
3.4, and 6 the value was:0.95 and in sélvent 5 iit wras 0. IH iit was mewassany whHamn
using the last four solvents tolocate.acidswithweryvlhigh IRy wadhres, tihre diniet] dinmmnm—
tograms were sprayed between ithe maximum /Ry wadlue «f tthe imditcattor and an K
value of unity with an ethanolic:solutionof ithe:appropriate imdicator.

After using solvent 4, the:acidsweremost conveniently llocated by cexposing the
dried chromatogram to hvdrogen chloride ;gas, when tthey lhecame wimsible s galllow
spots on a purple background. Trifluoroacetic, ttrichloreacetic, Ihndiradhtant, mittmic
and perchloric acids, however, gave red:-spots. -
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‘SUMMARY
The Ry values are reported. of more ithan 120 orgamnic :adids, wsing @a pprevimsly die-

scribed paper chromatographic:method:and:six :sdlvent mmistures. Hhe walues muasy e
grouped according to the number of carboxyil groups iin tthe mudleale.
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