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'SOLVENT EXTRACTION OF CALCIUM
© AND MAGNESIUM

James Katekaru

| ABSTRACT

This'r_e‘s,'ea,rch pﬁobl‘erﬁ is’a,r; extefhéion of a general resea;rch: .
program dealing Wlith the 'utiiiza.tiéﬁ of 8,"—»quiholinol or ’deriva,tives of . ‘
. 8‘—quin‘olinolin the solvgnt_extractioﬁ_pf;metaflsp ‘The purpose of this‘
study was to d;éveidp a Solvent eyxtraction-méthod for fhe detefminaﬁon’
.of caléiqm and magnesium. | | | |

o Magnesmm was qua,ntité.tively'extrécted‘ as the. “jt_et.ra,—n—

bﬁtyla.mmonium—S—quiholinolate ‘in’to- méthyl isobutyi kétbne or 1,2~ o
: .dichlbroethanec Ca,lcium wé,s extracted as the tietvra-n-xbutylammonium'— . .
8-quinolinolate into the ‘lSa.'n.ievSlegents,  Howeyer, theﬁnal.estimation
of .the. extra,ct‘ed slpecie‘s, in 1, 2-dichlg’roevjthizme could not be Vma;dé' spec-
vtrophotoinetx‘ji(‘:allyb@ca,use of -a, changing optical 'density, and furthér :

study with this solvent wa,shot carrievd»_out; SRR

i



It was possible to determine magnesium in the Vpresence of

“calcium by controliing the pH. 'Magnésium was also determined in the

presence of iron (II) by complexing the interfering ion with cyanide and =~

| .rémOVing the excé‘.sg'c'y;ahideg |

It was found that‘cfa.lciﬁrﬁ could be determined in tﬁe.pre‘sence
of .ma.gnesium by.ex“tractiﬂﬁg,the la,ttef at a pH of a,pproximé.tély 11.70
a.nd thén ra,isjfn'g ’the, pH to approXima,tely 12 8 to extract calciﬁm@-
Calcium could also 58 _extré,cte_d in fhe preéence of iron (II) by com-
plexing the interferirllig ion With cyanide‘a,nd 4rerr‘10\ving.the excess cya-
nide. | |

Although 5, 7-dibromo-8-quinolinol and 5, 7-dichloro-8-

quinolinol did form chelates with calcium and magnésiumg the extrac-
tion with these two_féagents were Vno?t‘ i,nVésti,}ga,ted further becausg j:he
fina,li esfima,tion’o‘f the extra,'c_ted.’ species fcoufld.not be made spe'c(troA— |

photometrically,

iii
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‘I INTRODUCTION
A. 8-Quinolinol in Solvent Exiraction

‘ 8¥Quinolino1 (S—tnydroxyquinoline, oxine) is one of the most
w1de1y used orga.mc rea,gents 1n solvent extractlon because of 1ts abmty
to react Wlth a grea,t number of meta.iﬂ.s Welcherl has ctatmed that
forty three metals combme Wlth thls versatﬂe rea,gent and Morrison
- and Frelser2 have summa,rlzed the extraction of twenty metals with
oxine into varlous orgamc solvents Howeverg only recently the fea-
s1b111ty of the extra,ctmn of the al.kahne earth metals Wlth this rea,gent
ha.ve been 1nvest1ga.ted extenswely

Luke and Caumqo}oell3 used a butyl Cellosolve chloroform mlx- |
: ture‘and a concentra.tlon of B-qumolmol tha,t was somewha,t hrgher than ‘

usual (3%) to sa.hsfactorﬂy extract matgnesm.m They found. that maxi- -

mum e.xtra,ctlon occurred at a pH of approximately 10.0 to 10.2. Their

IWelcher, F. J., ”Orgamc Analytrcal Rea,gents} " Vol I, D
Va,n Nostrand Co., Inc. Prmceton, N. J. (1947). '

: , ZMOI"I‘ISOII, H, a.nd Freiser, 'H‘:;-'; ”Solvent Extra.ct'ron in
.Analytlca.l Chemlstry, " John ‘Wiley and Sons, Inc., - New York, 1957

o 3 Luke, C. L andCa.mpb ell, M. E., Anal. ‘Chem., 26, 1778
 (1954). -
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‘ - flnal estlma.tlon of the magnesmm was- made spectrophotemetmca,lly by .‘ :5 S

| measurmg the optma.l densrty of the magnesmm 8~ qumohnolate aut 4;00
mu. | | |
| | Stronfium has aléo b'e‘e‘n e};tracfed“}ith 8f;quinoiindl into chlo- |
roform with a Iﬁgh ;féag’ent cloncehtra,tioh.,‘ The extracted species has o
B beén described as Sf(Ox)éo 2HOx. ! | |
| Umland andAHoffma,nz were able to extract ma,gnésium as the
anionié, tris—S-quiholi’nate complex ‘by‘ gsing the protonated n-butylamine
to associate with thg anibnic chelate. | The species Which.was extracted
“into chloroform was found to have ‘the: foi‘muia (Ri\IH3+) (Mg@x?,_) They
found that ma,mmum extractlon occurred at a pH range of 10.5 to 13. 6
‘ ’a‘t a mmlmum concentratwn of 0. 007 M 8-qumohnol and a 2% solutlon
. of the amine for a,ppremma,tely 0 0001 M ma,gnesmm :
Y Foll@wmg thls tr end of 10n assoma,tlon, Jaunkowsklg uéed a

| sxmlla.r system to extract the a,nlomc three to one magnesmm 8-

qmnolmolate mto chlorOform w1th va,rlous quarterna.ry a,mmomum sal‘ts: o

~ The extractions Were.v performed using tetra,‘—ma_e-hhylammomum brvomldeg;

 IDyrssen, D., Swensk. Kem. Tidskr., 67, 311 (1955)§ Chem.
Abst., 49, 153902 (1955). |

2Um1a,nd§_F,@ and Hoffndéna W,; Anal. Chim. Acta., 17 234
(1957). . IR S ST =

: 3Ja,nkowsk1_§ s. J Doctoral Dlssertatlon, Unlversrty of -
'Plttsburgh 1959 - ‘ . _



‘trif'nlethylphenyl a,mmoninm ‘iodide} tetra- n,-pr‘opyla;mmoninn‘l iodid.eg,
and tetra—n—bUtylammonlUm iOdide- "Only the la,tter' qua,rterna.ry - |
ammomum salt ga.ve lOO% extraction into the organic phase. The in; ,: |
‘gvestlgahon of extra,cuon as a function of tetra. n- butyla.mmomum 1od1de
rconcentra,ﬁon'showed tha,t a,mlnimum of 0. 0052 N was necessa,ry for
’ complete extractlon for approx1ma.tely 0.0001 M megnesmm 1~£ was
“also found that a mmlmum concentra.tlon of 0. 007 M 8- qumolmol must
-.b_e,used to grve complete eXl:ra.ctmn 1n the pH range of ll, O to 11. 5.
| The remalnlng grouo I elements were found to extract at a
"pH grea;ter than il. 5 Howeverﬁ at a pH of a.ppromma,tely twelve& :
.reactlon was foundr toteke plaoe in the extra,ctmn s_ystem ‘which gives,
,é, tgr_een solution in the v'or;g‘anic phase. '} Tni's reaction, a va,fie,tion of the
_‘Reimer-’l’iemann realcti‘on of c‘hlofo’form with phenols]‘fr : severely‘in—
terfered in the flna,l eolommetrlc est1ma‘tlon Therefore} calcium,
strontmm;, and ba,r1nm could not be determmed by this method.
Among the other solvents used 1n the extrachon of meta,l 8-
- qu1nol1nola,tes, methyl 1sobutyl ketone has been Wldely ut1hzed The
* distribution coefficient of 8- qu1n011nol in a methyl 1sobuty1 ketone aqueous .

pha,se,‘(log Kgp = 2. 18‘) is of the sa.ﬂme order of magnitude as thatina

g 1Ja.nkowsl<1§ S. dsy Doctoral Dlssertatlon, University of
‘A_"'Plttsburgh, 1959. - » . :



. gchloroform aqueous phase (log Kdr - 2. 66)

Dyrssen and chn.hlberg2

ha,ve reported the extractlon of
) .la,ntha,num§ ha,fmumy samarlum, and uranium with 8 qumohnol into

chloroform or methyl 1sobuty1 ketone. Except for the grea,ter solubility

o sof the meta.l 8 qumohnolates in the former solvent very httle dlfference

"Wa,s noted in the extra.ctlon 1nto the two solvents
~ B. 5, 7-Diha,10-'8-euinonnol in Solvent Extraction

| Some edva,nteeges and dlsa,dvantages have been noted 1n the use
of the dihalo derlva,tlves of 8- qumohnol in comparlson to extractron with
L"s—;q‘r}nnolmol° Tne rare earth elements ha,ve been found to extra,ct at a. .
| 10%;@ pH with 5, 7- d:.i.h,a.‘lo-8—quj.i._rlolinol‘?:”"'4 ) The' solubility of the 5, 7-
'dihelo—S‘;qninOIinols in ’:clhe adueous nhase.'\.vere less than'the' solubiiity
of 8- qumolmol but the dlstrrbutlon coefflclent of the chelates was gr eat
7 enough to give qua,ntltatrve extra,ctlonsg smce the amd :a.onlza,tron con-

: stant-s of the ,ph.enollc groups_~1n ‘the dlhaloe oxines are sufﬁcrently greater

, 1nyrssem D., Swensk. Kem Tldskr . §_4_35 213 (1952), Chem
Abst. , 47 384h (1953) '
_ 2Dyreseny D.-, and ‘Dahlberg, V., Acta. -»Chem;"'s:cand., 7, '
1186 (1953). S T ‘ .
R 3Dyrssen D,ﬁ, Dyrsseny M., and JOhanSson, E., Acta. Chem.
Scand., 10, 341 (1956). R '
- 4Ru1fs, C. L., Anil, D. K., Lakrltz,. ., and Elving, P. J.,
.Anal Chem 2'? 1802 (1955) , R :
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- tha,n thet of: o:xme to overcorne the lower chela,te forma,tlon consta,nts in
these subst1tutedox1nes Therefore, extra,ctmn occurs at somewhat |
lower pH'Valuee than is possible w1th~oxlhe _1tself. However} the grea.-ter"l
- ‘bathochromlc shift ih the’ .spectrum ur)on chelation is greater for oxine
- vit'“slelf which tends to make thisf reagent more generally usﬂef‘ul Where'
-s}pectrophotometrio mie'a.ns‘ for final »determih;a.tioh are utiliéed.'

Although erblum and neodymmm could not be qua,nutatlvely

. extra.cted Wlth 8 qumolmol 1nto chloroform 5 - dlCthI'O 8-qu1nol1nol e

hras found to glve qua,ntltatwe extra.ctmn of these meta.ls mto the same '
-solvent. 1 | . | DR

“ Moeller and Cohe;h2 Wer"e ablev to determine g!a,lli'u'm: vih the
| 'presence of alummum by pre01p1tat1ng W1th 5 7 d1bromo 8 qumolmol
dlssolvmg the chelate in chloroform, and ma,l«:mg the flnal estimation |

spectr_ophotometmcally at a Wavelengt_h-of 410 mu.

. lypoeller, T., and Jackson,, D. E., . Anal. Chem 22, 1393 |
aes0). | o _ |
| 2Moeller3 T, a'nd ,CO-heﬁaj A;.‘VJ;,AnaL» Chim, Aotétq ;'g_,};' -
316(1950) ST TR AT T ST



L. STATEMENT OF PROBLEM

The preeent work isv an extension of‘ a general reseereh_ipfograﬁi' ‘ '
. dealing w;ith the utgliza,tion of 8-quinolinol or derivatives of 8-quinolinol |
in the éOiveot extraction of meﬁa,lso The purpose of this s{udjfha;s b'e_en’l- o
to inVestigé,te the fea,sibilitj} of jufiliifing 8_—q1ii’nolihol:of.f'S—quinol.inol |
deriva.tives in the extfaction of magheeium a.nd ca.lciunia .
~ ThlS work may be divided into two genera.l segmentS° (1) Uee _
of the d.lha,lo demva:tlves of 8- qumolmol to determme Whether extrac-

“tion could be accomplished at a lower pH in comparison to using 8-

: quinolinol 5, 7-D1bromo 8- qumolmol and 5, 7- dlchloro—8 qumolmol L
were: selected for the extra.ctlon studles (2) Use of some other solvent"-'
besides chloroform Wthh would not 1nter'act with ‘8»-qu1nolmol at Very

: high pH 'Va,lueso 1, 2;Di'chloroetha,ne 73‘%11@- methyl is;obutyl ket.one Wer.e
'selected for 1nvest1ga:tlon | B RE | |

Studles of ex‘tra,otlon var1a.b1es and spectrophotometrlc mvestl— |
gaﬁions were planned to determine the practicability of the extractlon in

analytical applications.



Il EXPERIMENTAL
A, Instruniiente | and | Appar a,tes ‘

: Sp‘ec‘trophotometery Ultraviolet and Visible Regions. The

absorptierl spectre. Wé,s‘ meaeured with a .C.ary'_Mofdel. II recjor‘ding epec-
trophotometer The :‘Wa,veleﬁgth on thive ‘instrument can 'be varied from ..
- 200 mu to 800 mu. The eells 'used rrere the oxj.e, cen-timv_;eter{cyi‘indrica,l'
’type made of s1llca, The optica,l"densities e,t‘ speeific Warrelengths were S
measur ed with a Beckman bBU spectrophotometer with qua,rtz eptlcs -
equlpped'W}th a photomultlpher attach,ment, . The cel_ls for the,Beckma;.n
:Werie the’ o’nef(c'entimeter reetanguler type mede of corex and ‘Were’ matched
at va.rlous Wavelengths - | | | |

pH Meter A Beckman Medel G pH meter Wlth externa.l glass

~ and saturated calomel electrodes was used for the determination of pH ‘

values. The mstrument was sta,ndardlzed Wlth Beckma,n solutlons

-Rota.ry Sha.,ker; A Burrell Model BB erst a.ctmn she,ker :Wlth -
| clamps to a;ttach the separa:tory funnels was used |
Centrlfuge An Internatlenal Centrlfuge, type B, size 2 was

ut111zed te glve bet‘ter sepa.ratm.ons of the aqueous and orga,mc phases



) B. Reagents

: C'a,tion?fr'ee ‘Wa,ter Ordma,ry dlStllled Water was found to be

: ._ ;msuffmiently pure All the a,queous solutlons Were prepared Wlth Water R

- iWthh was passed through a cation excha,nge resm to remove oa.tlonso

-Qumolmol Reagent gra,de 8- qulnolmol obta,med from ‘

: l\l.ta,tbeson57 Colema,n} amd: Bell was recrystalhzed from absolute etha,nol

‘ ,or benzene .

5 - leromo 8- Qulnolmol The.f?)@:?—l)ibromo derivo;tive of 8- :

quinolinol was prepa,red by brominating the 8-quinolinol in acetic acid,

- a,nd addmg sodium aceta,te to precipitate the product The precipita,te

Was flltered and Wa.shed With a suctlon fllter and recrystalhzed mth
-”i,fbenzene The meltmg pomt was 195 1970 C (reported]‘ m: p- 1960 C)
o Th1s reagent was also bought from Ea,stma,n Organic Chemlcals

B, 7-Dich1oro—8-QuinoIinoL - This re‘agent was pxjepared by

chlorina,ting 8—‘quinolinolk in glacia.l a.cetic acid and precipitating'the'; -
B product by neutrallzmg Wl‘i:h ammonium hydrox1de The precipita-te .
‘was. flltered and recrystalllzed from acetone 2 "The meltmg polnt was

: 1790 C (reported3 m. p. 180-1° C). 5}_Techhloro—S-qumohnol was also

1He11bron3 I., and Bunbury? ‘H. M., "Dictionary of Organic _
“Compoundsg” Vol. H Oxford UnlverSJ.ty Press, New ‘York 1953 D 92

ZM:oeuer, T , and Jackson, D. E., Anal Chem zz 1393 (31959)

3Reference1 p 150



obta,med from Ea,stma,n Orgamc Chemlca,lso_‘ ,

Tetra n—Butyla,mmomum Iod1de The te‘tra,-n butylammomum.

: 1od1de obta,meol from Ea.stman Orga.mc Chemlca.ls was pumfled by d1s—
‘ solvmg 1t 1nto cne to three mefha,nol in a.cetoneg ,fﬂtermg Wrth suctlong
recrysta,lhzmg Wlth cation- free Wateri and drymg 1

Methyl Isobutyl Ketone. Thls solvent Whlch was obtamed from

Copper ‘State Chemlcal Corporatlon, was dlstllled before usmg 1t in the
extra,ctmns The b0111ng ra,nge was 111 1130 C/ 699 mm (r‘ra]por‘i:ed.2 b p- .
116 85 c/760 mm). | |

1 Z-chhloroetha,ne., The ]L 2 dlchloroethame obta,med from

v Flsher Smentlflc Compa.ny was. dlstﬂled The boﬂmg range was 82 830-'_‘
'-C/699 mm (reported3 bip. 83. 70 C/760 mm)

Chloroform Ana,lytlcal reagent grade chloroform obtamed .

from Flsher Smentlflc; Company was used Wlthout further pur_lflca.tlon.,. -

ta,lned from G Frederlck Smlth Chemlcal Company was. dlssolved in

wa.‘ter to glve approxm.ma,tely a. 0 01 M solutlon The solutton was

s sta,ndardlzed by tx.tratmg Wlth a prevmusly sta.ndardlzed ethylenedmmme o

| 1811verman, L., and'Bra;dsha,W,”W; G., Anal. Chem. ,1.31,., :
1672 (1959) TR BN o

2He11bron, 1., and Bunbury, H. M "chtlonary of Orgamc
Compounds, " Vol III, @Xford Umversxty Pressg New York, 1953, p 442,

3Refereznce 2 Vol 1I, p 602.
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S tetra,e_acetic acid solution, using Eriochrome Black T as the indicator. .

The ethylenediamine tetra,—a,cetic abid was standardized with calcium '

| carbonate usmg the same 1nd1cator 1 Sultable aliquots of the magnesmm '

i perchlora.te solutlon were used for the extractlon studies.

_Ca.lcmm SOluthh.' A sample ef calcium perchlerate 'obt:a',ined l
- from G. Ftederick"SInith Chemical ‘;Company We,si'dissolved in water to

fgi‘ve an appfoxirna,tely 0.01 M solutien, This soldtiOn was stendardized
- _m the same manner as the magnesmm solution and the appropmate |
a.hquots were used | o |

Sodium Hydromde An. anpromma,tely 0. 01 M solutmn of sodlum'

‘ hydromde was prepared by Welghmg out sodium hydrOXJ.de pellets obta,med
from Fl;sher Sclentlflc Companyy ‘and dls_solvmg»lt in water.

Ammonmm HydrOdee An a,pprexima,tely Six nor'ma,l solution

of ammonium hydromde was prepa.red by dllutlng the concentrated
: a.mmomum hydrOdee bought from Du Pont

Iron (II) Cya.nlde Solu.tmno Iron (II) sulfate obtained from

~ Mfa,thesong Colema,n,,‘ and Bell was converted to the cyanide follewmg‘ '

the method of WeStwood and Mayer. 2 An iron-(IT) sulfate solutien -was‘

prepared so as to contain 2\_mg'of the metal per ml of solution. Two ml

_ 1W111a,rd9 H. H., Furman? N. H 3 a.nd Bmckery }C E .”Ele-
ments of Quantitative Analysa.s} " D. Van Nostrand Compa,ny? Inca? New
, Yorkm 19563 i 135 o : '

2Westwoodg W., and Ma,yer, A., Ana,lyst 73, 275 (1948)
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) of crtrlc a01d conta.mlng 0. 5 g in'10 ml was a,dded and the Vseh‘mon was |
made sllghtly alkalme Wlth ammonium hydromde Then 20 ml of a ‘
| potassmm cyanide solutlon (4 g KCN and 0.15 g Na,OH per 100 ml) was
‘added and the solutlon was hea:ted to b0111ng The 1ron was reduced to
the dl_va,lent state W1th 0.5 g sodium d;thlomte and the s_elutlon was
\ eoole'd, Aliqeot ,pQ‘rtioﬁs‘Wei'e_ta_ken 'for the "extr'a,cﬁen studies.

, C Extractlon of. Ma.gnesmm and Calelum 8- Qumolmolates |
: and 5 7-D1ha,lo 8- Qumohnola.tes

1. General Extraction 'Pchedur e

The chela,tmgva,gent W&s 1n1t1a11y in the orgamc pha,se This |

_pha,se was shaken with a prevmusly prepared agueous phase contammg -
. the metal 10n9; tetra-n—butylammomum iodide, a,nd rba.se, for a permd

of time which prelixﬁinary‘investigation shoWed to be sufficient _te attain -
3 ‘eqeilibrium,, The two ’p}harseslwe‘re»then allowed fo separ‘ate,' The con-
tents in the separatery funnel were centmfuged to give better sep&ra,tloﬁ
of the phases The aqueous pha.se Was drawn off a,nd the pH was measured
| The orga,mc pha.se was’ dra.wn off into glass stoppered bottles. The a,b— |
sorbance Of thls solutlon was measured aga,lnst a blank prepar ed in an
,‘1dent1ca;1 manner except for the absence of the metal ion. A pla.tea.u of \. -
: maleum absorbance between 390 400 mu was observed for both ca,lcmm

a.nd ma,gnesmm complexeso Rea,dmgs were made at 400 mu
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2. .'Extraﬁ.ction of Magnesium |

 Extraction with 5,7 ‘mbrom@ 8- Quinolinol into Chloroform.

' -The extrectlon was performed by plpettmg into 125 ml sepe,ra,tory funnels, | i

20 ml of the aqueous pha,se conta,lmng 48 ug of magnesmm, and 0.01 M
tetra—n—butyla,mmomum 1od1de and 20 ml of the organlc pha,se contain-

| ing O 01 M 5 7 d1bromo-8—qum011nol The oH was then ed]usted to
approxxmately M 00 11 b0~ Wrth the a.ddltron of 2 N sodlum hydrox1de

dropwise. Upon shakmg the orga,nlc pha.se turned dark blue or brown '»

~ almost 1mmed1a,tely and after severa,l mmutes of standmg, ‘all the
samples turned brown Because the adverse reactlon was thought to be
due to decompos1tlon by hght alummum foﬂs were Wrapped alround the
| flasks before Sha,klng and the extractron Wa,s repea.ted The extractlon B
system rema.med yellow a,fter shakmg However, in ma.kmg the final
spectrophotometrlc estmn atlony it was found that the a,bsorbance Varled

- rapidly (the yellow magnesium 53 delbromo—S—qumo.lmola,te_ turning

- dark blue) so that it was notpra.cticebie to carry on further investiga- B

tion with this reagent.

b. “E’Xi:ra,cftion of-Magnesium With 5, 7—'Dichloro—8-Quinolinol

into Chloroform. After addition of 20 ml of the orgamc pha,se contaumng ,

0. 01 M 5, 7- dlCthI’O 8- qumohnol and 20 ml of the a,queous phese con- .

s ta,mlng 48 ug of magnesmm and 0 01 M tetra-n butyla,mmomum mdrde;;i

' the pH was a,d]usted to 11 00. The absorptlon spectra. of the blank Versus :
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- chloroform and the sa.mples VerSU.S the'bléjnli ms me'aénred 'in the 200 |

mu to '800 mu re-ﬂion The spectra of the bla,nk a,nd samples were 1d.en—

o i~’ ,tlca,l 1ndlc&t1ng elther that no extractton of metal occurreo‘l or that the o

.chelate a,bsorbed at the same Wavelength as the reagent

Extractlon of Magnesmm Wlth 8 Qumolmol 1nto Methyl

B Isobutyl Ketone

;(1‘) Extraction as a Function of pH.

To a 125 mlls,'ep.ara,tofyvfanﬁéiwgs added 20 ml of 2 0, 01 M solution of "
8-qu.inolinol in methyl isobutyl ketone. To this was added 20 ml of the

: ‘aqueous pha,se contammg 24 ug of magnesmm a,nd O 01l M tetra-n—
butylammonmm 1ool1de The pH Wa.s adjusted with ammonium hydrox1de
or sodmm hydroxide and the funnel was shaken for twenty mlnutes The '
3 “pH. of the a,queous phase Was mea,sured a,fter each extra,ctlon, The optlca.l
dens1ty of the orgamc pha,se was measured at the approprlate Wavelength
- relatlve to a blank Wh1ch contamed the sa,me components except the a

meta.l The results are shown on ta,ble 1.

(2) Extraction as a Function of Concentration.
‘The extraction was petformedl in similar manner as'in the investigation o
of eXtraction as a function of pH except that the solution Was kept'.a.t the

optimum pH and the concentration of the metal ion was rt(a,nied., The



~ results are shown on table 2,

' (3) Extraction as a Function of Time of Shaking,

| . Into a-125 ml vexti'action flask was pipetted 20 ml of Egtn a;queeus solution
-~ containing 48 ug of tna,gnesfium' and 0.01 M ,tetra.-n-'butylamnionium

iodide. To this,wa,-s,a;dded the organic pha.se 'Whi‘(':h centa,ined 0.01 M '

L v8—quino];in01 ih methyl ibsbbuty].' ketone. The pH was. a.d]usted to ap—

| prox1mate1y 11. 70 The Sha,klng time ‘was varled for four sa.mples
from, thre.ete twenty minutes. The extractlon system was centrlfuged
~and the phases were sepa,rated., - The optical density of the organic phase

. 'was measur ed at 400 ‘mu.

'(4)‘ Extraction in the Presence of Interfering Ions.

: _v’The' ‘a(iﬁ"eous phaseve'f two eamples Wer'e prepared so"a.s to coritaf.ih 80 ug
of calclum and 41:8 ug ef magnesmm per 20 ml of solutlon and 0.01 M tetra,—' “

-butylammomum 1od1de The agueous phase of two other samples Were
prepared in the same manner except that calcium Was not pr‘esent The
: four samples were plpetted 1nto 125 ml extractmn flasks. ' To this was |

added 20 ml of the orga,mc phase contammg 0. 01 M 8- qumohnol The :

R ; pH Wa,s ad;yusted to a,ppromma,tely 11.7 5 a.nd the ﬂa.sks Were shaken for

ten mmutes After separa,tlon of the phases§ the organic phase was |
‘dra,wn into 50 ml volumetmc flasks and stoppered The flna,l co].orlmetrlc

es.tlmatmn was. made on the Beckma,n Model DU‘ Spectrophotometer at
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400 fnﬁ' In the same method as outlmed aLbove the extractlon of ma.gne—

sium in the presence of 1 mg of iron as iron (II) cyamde per ml of

'solutlon was carried out, The'reSults of the extractions in the presence .

- of mterfer.mg- ions are s_hoWn on tables 3 and 4.

- d. Extraction with 8-Quinolinol into I, 2-Dieh1<c‘3r0ethém.e, |

1 i e 3 ettt i e s

To 20 ml of the aqueous phase confammg 48 ug of ma.gnesmm a,nd 0 01
M tetra-n-butylammomum iodide was added 20 ml of a 0. 01 M selutlon
of 8- qumohnol in'l; 2~ dlchloroetha,ne The pH was then a.d;austed Wlth
ammomum hydromde or sodlum hydromde The sepa.ra.tory funnel was
: fshaken»for 20 mmutes and after complete sepa,ra;tioh'of the two phases
the pH of the aqueous phase was measured. The eptical. density of the
_ orga,nie phese was measui*ed gt the'fepprepriafte Wavelengtho The re;

 sults '_aipeg_iven on table.5. . |

(2) Extractioﬁ as a Function of Concehffa,tionq

~ The extraction Was’performed 'i.n the same manner as in section If-C-2-
d-(1). except that the solutlon was kept at the optimum pH and the con-
centratlon of magnesmm was va,med " The results are shown on table

60,' o
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(3) Extraction as a Func'tion of Time of Shaking.

'-'Into a 125 ml extractlon ﬂa,sk ‘was plpetted 20 ml of aqueous solutlon
‘ contammg 48 ug of magnesmm and 0. 01 M tetra, -n- butyla,mmonmm _

’_ 1od1de To this Wa,s added the organlc phase conta,mmg 0,01 M 8—

. »qulnohnol in 1 2 dlchloroethaneo The pH was a,djusted to approx:.ma,tely
- 11.40. The shakmg tlme was va.rled for four- samples from three to |
twenty mlnutes The extra,ctlon system was centrlfuged a.nd the phases
Were sepa,rated The optlca,l density of the orga.nlc pha,se was measured

at 400 mu.

3. Extraction of Calcium

Q. .‘EXtra,cti:on:~With B—Quinolinol 'inte Methyl IsobutyLKeteneg

(1) ]*vatraction"a;s; a Function of ’pH,f ,

‘} .Into a 125 ml separa,tory funnel was plpetted 20 ml of a 0, 01 M solutlen o
| of 8- qumohnol in methyl 1sobuty1 ketone To thls was added 20 ml of
' aqueous phase containing 80,ug of ca.lclum and 0. OI_;I\@ tetra,-n—,
| f-bﬁtyla,ﬁ;monmm iodide. "i‘,he, pH was adjusted with sddium"hydxj'oxi'de_ |
* and the funnel Wa;s shaken for twenfy minutes. The pH ef the s,queous
. phasfe' was ﬁeasﬁred after ea,'chf"extlrya.ction ‘The optical density of the =
- organic phase was measured at the approprlate Wa,velength rela;tlve to |
.a. blank which contamed the same components except the metal ..The" .- o

results are shown on ta,ble .
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‘ (2) Extraction as 3} Function m_)j_ Concéntratiom

The extrac"tién was perforinéd in aSimiIa,r manner as in the investigéQ
: ‘tlon of the pH depenolence of extractlon except that the solutmn wa.s kept ‘
at the optlmum pH and the ca,lcmm concentra;tlon was varled The re- '

] v_s_ults- a,re sh_own on table 8., .

(3) Extraction as a Function of Time _gg Shaking. -

. Into a 125 ml separatory funnel was plpetted 20 ml of a 0. 01. M solutlon _

of 8 -quinolinol m methyl 1sobutyl ketone. To thlswa;s added 20 mlz of.

: the aqueous phase contammg 40 ug of ca,lcmm,’ The pH W&S adjust;é,d f:or. -
| maximum extractmm The shaklngtlme was variéd, Each time the pH o
‘of the aqueous phase Was remeasuréd after shaking and the thj.éal den-

. sity of the organic phase was obtained.

(4) Extraction in the Presence of Interfering Ions.

Into 4'125 ml extraction flask was pipetted 10 mi of 2 solution containing
24 ug‘ of ma;gnesium}aj.nd 1-0 ml of a éolﬁtion containing 4C ug of callciurri.."

- ‘To this was added 20 ml of i 0.01 M solution of 8—quinoii:ibl i;a methyi '
.isobutyl ketoheo The pH Was a,djusted toapproximiately "M 70 a.nd >
magnesmm Was extra,cted Another 20 ml of the orgamc phase was

a,dded to the remaining a.queous phase and the pH was ralsed approxz.maiely

to 12.8. The extra,ctlon was ca,rrled out and the optlca.l den31ty of the
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organic phase was hie‘asered at 400.11“11;.“' Caﬁ,lciom:was,e,lso ,exti;a.cted,ih

the pfeseﬁce of iron (_11) by pipetting into 'a 125 ml extraéftio'n flask, 10

“mlofa solution of ‘fervrous cyanide containing ‘2{ mgé)er ml of iron (I

_’ and 10 ml of a solution conta,ining 4O-Fu‘g calcium. To this‘wé.s added 20

- ml of ao. 01 M solutlon of 8 qulnollnol in methyl 1sobuty1 ketone. The'

h pH was ad;ousted to appromma.tely 12 80. - The extra,ctlon Was carmed

A out a,nd the optlcal den31ty of the orgamc phase Was measured a‘t 400 mu_. S S

'The results of the extra,ctlons in the presence of mterfermg 1ons ‘are

- glven on tables 9 a.nd 10

b. Extraction with 8-Quinolinol into 1, 2-Dichloroethane,

The extractlon Was carrled out 1n the same procedure as the extractlon n

- mto methyl 1sobuty1 ketone except 1 2 dlchloroethane Was used as the

orgamc -solventg. , The yellow color of the calcium 8-quinolinolate faded

rapidly and further spectrophotOmetric studies were not undertaken.



~ IV. DISCUSSION OF RESULTS
A. Reliability of Extraction Data
1. Experimental Errors |

" In general spé-cff(;phqtbﬁletric'me‘thdds ‘Werjé used f(if the fina;l’f
: estimé,tioh of tﬁe Components v'under inf}estiga,tiono. - Sin‘cé the a,bsorba,nce
cannot be read more closely than +0. 002 and since the absorbance in
~general avera,géd about 0 400, indifridual cori.ceﬁntration values were in‘
- error by abou‘t iO 5% fi'om this soufce. o |
The ffdlﬁmes of thé phaées Were measured in calibrated vol-

umetric pipette‘s_ so the errors contributed were of the order of 0. 1%.

| ‘.‘The. limit of l-érror of the Beckman Modgl G pH méter is +0. 02
pH units. - Above .a pH bf 12, 5 the pH Was éaicuia;ted ffomthe. so’dium
hydroxide added, - - |
| Another significant source of error is the variation of the
- temperatﬁr'le during extvra’cti:bn, | In eagéh case roomftempgratureWa;s_ R
taken as fh_e éX.tra,ctidh temﬁeratureo ~During the course of this re-

search, the temperature varied betwéen 18° C and 28° C.

19
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9. Attainment of Equilibrium o
- ' The sha,kAiﬁg‘ time ‘was varied frbm three rﬁinutes to‘twentjf
_*minﬁfes', It Wag found thé;t theyé'-‘on.ceﬁtrat_ion of the species under investi- =
 gation was the same within thiér'.time interval of shaking when the extrac-
tion was performed in methyl 1sobuty1 ketone. The minimum shaking -

i tlme for mammum extractlon 1n 1 2 dlchloroethane was found to ‘be

‘ten mmutes
- 3. Effect of Atmospvh:;eric :-Oxyg.eh on :the Chélafé
It was important to keep the organic phase stoppéred'in volu-
metric flasks because 'thechelate was found to deéompo.se in the presence
of oxygen.

B. Useof Tetra n- Butylammomum Iodlde in the
Extraction of Magnesmm and Calcium

1. Functifon‘ of Tetra-n-Butylammonium Todide.

8 Jankowskil‘showge\d 'thai thé _extracted ,Speciqs is compoéed of ‘
the fon-pair tetra-n-butylammonium cation and the metallic tris-8-
.. quinolinolate anion. He also found that 2 minimum ‘concentxja;‘ti.on"of R

.0.0052 M of the quafrternary-am.monium salt was necessary for

: ]‘Ja,nl«:owsklﬂwe B, .y Doctora,l Dlsser‘ta:tmn.y Unwersﬂy of
.Plttsburgm 1969, e :
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quantitative extraction for a metal concentration of approximately 0, 0001 -
M. In view of this previous work, all eﬁztratctions were performed with
a tetra-n-butylammonium iohd’ide concentration of 0.01 M.

2. Extraction of Magnes‘ium. _

a. Extraction With"5g 7—Dibremo—8—Quinolinol ifito Chloroform.

Because Dyf.seen ot al. * ltetv'e f'ound: that 5, 7‘—dich1'oro'-8—quinolinol could
be used to extract the rare earth ’ele.mentsl at a,llower pH in cOmparison
to using 8 qumohnol it seemed possible to extract magnesmm and
calcmm at’ a lower pH Wlth 5, 7- dlbrom.o 8 qumolmol and thereby elim-
1na,te the reactlon‘ of the- chelate Wlth-chloroform as reperted with 8-
guinolinol at hlgh pH in the preaence of tetra -n- butylamm')mum iodide. 2
They found that no reactmn took plac;e 1n the absence of the qua.rternary
ammonium salt. ' |

“Since, the hy?dr-‘oxyl group of 8-fquiholiﬁol is an orthovand para |
directing Igr'ou.'py it was alse believed that the reaction eite was the five
‘a,nd. seven posmons a,nd the brommes at these posmons would poss1b1y

prevent the adverse rea,ctlon Wlth the solvent

1Dyrssen3 D., Dyrsseny M., and Johansson, E., Acta. Chem.
Scand., 10, 341 (1956) | SR ‘

2Jankowsk12 S. Jdog Doctora,l Dlsserta.tlon, Universﬂy of
Plttsburgh (1959) : o
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Howevery in the extra,ctmn of ma.gnesmm wrth this rea.gent the
.orgamc pha.se turned brown even a.t a pH less than ll 5 Since the ré-
| actmn was thought to be l1ght ca.ta,lyzedg a,lumlnum foﬂ. was wrapped
a,rounol each ﬂa,sk and the extra,ctlons were performed The orgamc »
phase remalned yellow after shaking, but the optlca,l density kept changlng
and the solutton turned blue whrle maklng the flna,l colorlmetrlc esttma- ~
' t1on., Due tov this unfortunate interference, -5, 7-dibromo-8-quinolinol
. oOuld not be used as an; ’_extracti’onrea,g‘ent for ,the determination of

 magnesium or calcium in chloroform. -

* b. Extraction with 5, 7-Dichloro-8-Quinolinol into Chloroform. -

"_5‘3 ”Z—Dichloro‘-B-'quinoltnol was also (uSeol in the extra,ction of magnesium.
No"intera;ct‘ién with fhé ‘solvent was noted at high pH. However, the |
absorptmn spectra, showed that the reagent absorbed at the same wave_
length as the chela,te so tha,t the flna,l est1ma,tlon could not be made

‘ color im etr 1c;ally.

c. Extraction with 8-Quinolinol into Methyl Isobutyl Ketone.

' The extructlon da.ta. showed that 100% extra,ctlon took pla,ce in the pH
range of 11. 58 to 11. 92 (See table l) The extr_a.ctlon followed Beer’s

| , :law at a wavelength of 400 mu in the conc.entration range of 12-96 ug of
magnes:.um per 20 ml of solvent with a 4. 5% relative standard dev1at10n

The mola.r extmctlon coeffmlent was determmed from the least square .
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. line »and'wals found to be 5‘800 liter per Ihole centimeter. . The rvesult‘s
| Whichai-e given on table 2 indicate that magnesium can be determined:
satisfactorily Wi‘lh 8—quiholinol ih methyl isobutyl ketone. The separaE
tion of magnesium from calcium ‘w;ak,s possible by _controlling the pH.-
- The extraction was pei'forme.d at.a pH less than.ll,_ 80. The results for
the same conoentra\,tion;of magnesium in the presence and absence of 80
ug of c‘,a,l'cium- coincided quite well as shown oh table 3. Jankowskil was:
able to extract ma,gnesium quantita,tively in the- presence of @p to 500 ug
of ca,lcmm Ma.gnesmm could also be extracted in the presence of 1ron
| (lI) by complemng the J.nterfermg 1on with potassmm cyamde and re-
. moving the excess 'cyaf,mde., Unless_‘th‘e exeess,cya.mde were removed,
,lovvv:, ;f}esult.s were obtained because of the posSible formation of an e:%_—
' l:ractable i’on—pafirf(RélNﬂ.' C‘N;)_, As _indi‘catecl by equation (22) in the

-~ appendix; such formation would result in lowering the extraction ratio.

4. Extraction with 8-Quinolinol into 1, 2‘¥I)ichloroetha,neo

, The extractlon curve showed that 100% extractlon took pla,ce 1n the pH
| range of 10 68 to 11 84 (see ta.ble 5) The a.bsorptlon spectra, of the ‘
‘ 'magnesmm tetra—n butylammonmm -8- qumolmolate followed Beer s ’

law a;t a. Wavelength of 400 mu in the concentratlon range of 4 8 ug to

IJa,nkowskl? S. Joy Doctora.l D1ssertat1on9 Unlvers1ty of
Plttsburgh 1959. : :
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o 72 ug Of ‘maﬂn‘esfiumo The sta,ndard per cent error was 3. 2% and the |

mola,r extmctlon coefﬁclen‘t as determmed from the Iea.st squa,re line
'Wa,s found to be 7250 llter per mo];e centlmeter The resultsy glven
on table 6 show tha;t magnesmm can be determmed in th:n.s solvent Wl‘i’.h ,

8-qumolmel.

3. Extraction of Calcium

a. Extraction with 8-Quinolinol into Methyl Isobutyl Ketone,

The eXtréiétien data shohv that 100% of calcium was extracted in the pH

B I“"a,ng’e of 12. 2 t0 12.9 ;(se'eta,b'le 7)." The inVe,stiga,tioh of extraction as

a function of concentration showed that Beer's law is obeyed at a wave-
length of 400 mu in the ’coheeh’tra.tien range of 20 to 80 ug of calcitim

| per 20 ml of solvent Iri deter'mining the c&libhaition 'curve it wa,s‘noted‘.'
that the optlca,l densrty of the blank versus methyl 1sebu‘ty1 ketone changed
| from da,y to da,y I—Iowever;9 the data, taken on separa,te da.ys gave P serles
of pa,ral.lel lines. The ca,hbra.tlon curves ‘could be made to cemmde if |
pure methyl 1sobetyl ketone was ta.ken a,s the reference and a. cerrectlon o
factor was added The standard per cent error was 2 9% a,nd the molar
absorptlon coefflclent as determmed from the least square line was found
to be 77 60 liter per mele cen‘tlmeter ‘The results are shown on 'ta,ble 8. -
The determma;tlen of ca,lcmm in the preeence ‘of magnesmm Was‘eossmle

_by flrst extractmg the ma,gnesmm at the appropma,te pH a,nd then ralsmg
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the pH to extra,ct ca.lcmm Calcmm could a,lso be extracted in the
presence of iron (II) by complexmg the m‘terfermg ion with potassmm | '
'_ 'cyamde and removmg the excess cyanide. Unless the eXCess cya,mde
Wer‘e removed low results Were obtamed as prevmusly dlscussed for
the extrs;ctmn of magnesium in the presence of ;ron (I). The results
of t'hQ. eﬁitractiéh '.Of caicium in the.:prGSence of interfering ions afe shown

“on tables 9 and 10.

b.. "Exfraction with 8~Quinolinol into 1, 2-Dichloroethane.

The yellow color of the organic phase after shaking and sepa.ratmg turned o

colorless qulte rapldly S0 that the fmal colorlmetmc estlmatlon could n@t g

: be ma;.de;f,..



TABLE 1
EXTRACTION OF MAGNESIUM TETRA-N-BUTYLAMMONIUM-
8-QUINOLINOLATE INTO METHYL ISOBUTYL
KETONE AS A FUNCTION OF pH
24 ug magnesium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide

- 400 mu

Slit Width = 0. 01 mm

pH Absorbance % E+4.5
(Magnesium)

10. 34 0.051 19

10. 42 0.118 42

11.08 0.183 64

11.17 0.221 78

11.28 0. 232 83

11.42 0. 258 92

11.58 0. 289 100

11. 64 0. 288 100

11. 68 0. 297 100

11.84 0.276 98

11.92 0.291 100



TABLE 2
EXTRACTION OF MAGNESIUM TETRA-N-BUTYLAMMONIUM-

8-QUINOLINOLATE INTO METHYL ISOBUTYL
KETONE AS A FUNCTION OF CONCENTRATION

0.01 M 8-Quinolinol

0.01 M Tetra-n-Butylammonium Iodide

2= 400 mu

Slit Width = 0. 01 mm

pH approximately 11. 75

Magnesium Absorbance Deviation from
Concentra- Least Square
tion ug/20 ml Line in ug
solvent

12 0.212 -1.2

19.2 0.328 +0. 4

24 0.357. -1.8

28.8 0.416 -1.5

36 0.535 +0.5

43. 2 0. 632 +1.0

48 0. 696 +2.0

48 0. 698 +2.0

72 0.954 -0.3

72 0.958 -0.3



TABLE 2-—continued

Magnesium Absorbance
Concentra-
tion ug/20 ml
solvent
86. 4 1.12
96 1.29

Standard Deviation = 2. 2 ug
Relative Standard % Deviation - 4.5
Molar Absorptivity as Determined

from the Slope of the Least Square
Line - 5800 liter/mole cm

Deviation from
Least Square
Line in ug

-1.8

+2.5

28



TABLE 3
EXTRACTION OF MAGNESIUM IN THE PRESENCE OF
CALCIUM
48 ug magnesium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide
2= 400 mu
Slit Width - 0. 01 mm

pH approximately 11. 75

Amount of Absorbance % E
Calcium (Magnesium)
Added in ug
0 0. 664 99
0 0.672 100
80 0. 666 99

80 0. 659 97



TABLE 4
EXTRACTION CF MAGNESIUM IN THE PRESENCE OF
IRON (II) AFTER MASKING WITH CYANIDE
24 ug magnesium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide
2= 400 mu
Slit Width - 0. 01 mm

pH approximately 11. 70

Amount of Absorbance % E
Iron Added (Magnesium)
in mg/ml

1.00 0.379 99

1.00 0.375 98
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TABLE 5
EXTRACTION OF MAGNESIUM TETRA-N-BUTYLAMMONIUM
8-QUINOLINOLATE INTO 1, 2-DICHLORCETHANE
AS A FUNCTION OF pH
48 ug magnesium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide

7~ 400 mu

Slit Width - 0.01 mm

% E + 3.2
pH Absorbance (Magnesium)
10. 27 0.587 90
10.50 0.601 92
10. 68 0. 642 98
11. 40 0.678 100
11.53 0. 682 100
11. 77 0. 650 99
11.84 0. 665 100
11.95 0. 597 92

12.09 0.570 88



TABLE 6
EXTRACTION OF MAGNESIUM TETRA-N-BUTYLAMMONIUM
8-QUINOLINOLATE INTO 1, 2-DICHLOROCETHANE
AS A FUNCTION GF CONCENTRATION
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Jodide
7= 400 mu
Slit Width = 0. 01 mm

pH approximately 11. 75

Magnesium Absorbance Deviation from
Concentra- Least Square
tion ug/20 ml Line in ug
solvent
4.8 0.074 0
7.2 0.118 +0.5
12.0 0.183 +0. 2
12.0 0.194 +0. 6
24.0 0.341 -0.8
24.0 0. 342 -0.8
28.8 0. 404 -1.6
36.0 0.524 -0.6

36.0 0.529 -0.6



TABLE 6 —continued

Magnesium Absorbance Deviation from
Concentra- Least Square
tion ug/20 ml Line in ug
solvent

48.0 0. 687 -1.8

72.0 1.10 +1.2

Standard Deviation = 0.9 ug
Relative Standard % Deviation = 3.2
Molar Absorptivity as Determined

from the Slope of the Least Square
Line - 7250 liter/mole cm
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TABLE 7
EXTRACTION OF CALCIUM TETRA-N-BUTYLAMMONIUM
8-QUINOLINOLATE INTO METHYL ISOBUTYL
KETONE AS A FUNCTION OF pH
80 ug Calcium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide

= 400 mu

Slit Width = 0.01 mm

pH Absorbance %E+2.9
(Calcium)
11.4 0.080 12
11.8 0. 425 68
12.1 0. 492 80
12.2 0. 625 100
12.6 0. 620 100
12.9 0. 612 99
12.9 0.627 100

13.0 0. 442 71



TABLE 8
EXTRACTION OF CALCIUM TETRA-N-BUTYLAMMONIUM
8-QUINOLINOLATE INTO METHYL ISOBUTYL

KETONE AS A FUNCTION OF CONCENTRATION
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide
2= 400 mu
Slit Width = 0. 01 mm

pH approximately 12.8

Optical density of blank versus methyl isobutyl ketone = 0. 446

Calcium Con- Absorbance Deviation from
centration Least Square
ug/20 ml Line in ug
solvent

20 0.078 -1.0

32 0.219 +1.6

40 0.294 +1.6

52 0. 353 -3.6

60 0. 457 -1.5

60 0. 463 -1.0

72 0. 580 -0.5

80 0. 679 +1.5
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TABLE 8-—continued

Calcium Con- Absorbance
centration
ug/20 ml
solvent
80 0. 673

Standard Deviation = 1. 69 ug
Relative Standard % Deviation - 3.1
Molar Absorptivity as Determined

from the Slope of the Least Square
Line = 7760 liter/mole cm

Deviation from
Least Square
Line in ug

+1.0
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TABLE 9
EXTRACTION OF CALCIUM IN THE PRESENCE
OF MAGNESIUM
40 ug Calcium/20 ml solvent
0.01 M 8-Quinolinol
0.01 M Tetra-n-Butylammonium Iodide
2= 400 mu
Slit Width = 0.1 mm
pH approximately 12. 8

Optical density of blank versus methyl isobutyl ketone - 0. 625

Amount of Absorbance % E
Magnesium (Calcium)
added in ug

24 0.085 97

24 0.096 99

24 0.084 96



TABLE 10
EXTRACTION OF CALCIUM IN THE PRESENCE OF
IRON (II) AFTER MASKING WITH CYANIDE
40 ug Calcium/20 ml solvent
0.01 ‘M 8-Quinolinol
0.01 M Tetra-n-Butylammonium lodide
= 400 mu
Slit Width - 0. 01 mm
pH approximately 12. 8 .

Optical density of blank versus methyl isobutyl ketone = 0. 542

Amount of Absorbance % E
Iron added (Calcium)
in mg/ml
1.00 0.182 98
1.00 0.174 97

1.00 0.176 97
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V. FUTURE WORK

This research study has been only a slight extension of the
utilization of ‘8-quinolinol or 8¥quineiinol derivatives in solvent ex~

tr'actio’m The extra.ction pos51b111ties of the remammg alka,hne earth

‘ metais Which heve net been cevered in the scope of thls resea,rch cou];d. o

" be 1nveetigated to see whether the procedure carrled eu’t in the extrac-
tion of calcium and ma,gnesmrnvcouidj be.apphed, o |
- Many reagents have‘been discovered which could -be used in -
| the extra,etien of the transition a,nci rare eartn elements, but few cneia.ting
agents have been found to fenm sta,ble chelates with the alkaline earth
meteis, j Tfepelene' and its 'derivativee]‘g, a,nd cu_pf.errenz have been found
to form chela,tes with magnesium and the possibilities of using these re-

' agents in the extra,ction of the alkahne earth metais couid be 1nvestigeted

o Another reagen‘t that has recently been descmbed in the htera‘ture Which

- has fa,vera,ble properties to i’erm chela,tes Wlth the a.lka,hne earth meta,is L

IBJerrum, J. Schwarzenba,chﬁ, G., and Siilen} L. G., "Sta-
blhty Constants,." Metcalfe and Cooper Ltd London, 1957.

2Fritz, J. S., Richard, M. J., and Bystroff, A. 5.,  Anal.
 Chem., 29, 577 (1957). |
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is 2 hydroz’y methyl benz1m1da,zole (pK1 - 4. 90, pK2 - 12. 70)
| The possmlllties of extra,ctmg the sta,ble amomc ethylene-
diamine tetra,—acetlc acid _comple‘xes of the ,a.,‘lka_hneiearth e_lements

using a quarternary ammonium salt could also be invesfigatedo -

. LLane, T. J., and Daly, J. M J. Am. Chem. Soc., 8,
2953 (1959). |



VI. CONCLUSION AND SUMMARY

This réééarch inirestiga,tiori has shoWn that mé,griesmm could

be extracted qua,ntltatlvely as its tetra, -n- butyla,mmomum 8 qumolmola.te '
-into 1, 2 drchloroetha,ne or methyl 1sobuty1 ketone@ Calcmm cou].d. also |
vbe extracted in the latter solvent but not in the former as its tetra-n- "
butylamm-omum-8—qu1nolmola.te The final spectrophotometrlc estlmé.—
‘tion could be ma,de for the chela.tes and were found to follow Beer's law.
No adverse reaction toek pla,ce in the organic pha.se at hlgh pH as reported
with ezztractmn in chloroform I |
It was found that magnesmm- and ca.lcmrrl could be determmed"
i in the presence of 1ron (IL) by complexmg Wlth potassmm cyamde and
reducmg the iron Wlth sodium dlthlonlte 2 I‘t»should be possrble to -
- separate other metals— Wthh form .stable cyanide complexes by this

' Iﬁethod |
Magnesmm could be determmed in the presence Of ca,lcmm by~ :

ncontrollmg the pH of extractlon

' ]‘Ja,nkowskls, S J., Doctoral Dlssertatl.ony University of
Plttsburgh 1959. R

ZWestwood? W., and Mayer, A., Analyst 73, 275 (1948).

a1
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DERIVATION OF EXTRACTION EQUATIONS FOR THE
EXTRACTION OF QUARTERNARY AMMONIUM
DIVALENT METAL TRIS-8-QUINOLINOLATES

IN BASIC SOLUTION

In the derivation the following terms and equilibrium expres-
sions are employed:
1. Distribution of 8-quinolinol between the organic and aqueous phase
HOxw é HOx o

2. Ionization of 8-quinolinol

K, )
HOx == H + Ox

3. Formation of the metal chelate

i -1
M*2 4 3 0x" ==L Mo,

4. Distribution of quarternary ammonium salt
K
+ dq , + T
(RyN , I ) (R4N , I )O

5. Association of quarternary ammonium salt
K
- f -
RN + I == RN, I
6. Formation of the ion-association complex with the anionic chelate
K

MOx;~ + R 4N+<————'—a"‘ R 4N+, MOxg

7. Distribution of the ion-association complex between the organic and

aqueous phases

K
+ - dx + -
(RyN', MOxy) T (R4N', MOx3),

8. Formation of the ion-association compound with the anionic reagent

K
- fr -
ox™ + R4N+\—L (R4N+, Ox )
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9. Distribution of the ion-association compound between the organic
and aqueous phases
RN, ox) Y—_Kgi—é (R4N', Ox7),
D - distribution coefficient of metal between the organic and agueous
phases.
M+2 - metal ion whose ionic valence is 2.
Ox™ - 8-quinolinol anion.

R 4N+ - total quarternary ammonium ion.

T
Subscripts o and w refer to organic and aqueous respectively.
Terms in bracketsf: Jrefer to molar concentrations. Equal volumes of
organic and aqueous phases are assumed.
If M+2 is assumed to be the only metal containing species in
the aqueous phase and (R 4N+, M0x3') is the only metal containing species

in the organic phase, the distribution coefficient is defined as:

(1) D . total metal in organic phase _ ER4N+, M0x3‘_‘)]
total metal in aqueous phase Lm+ﬂ

(2) Since E/I"ﬂ

and

(3) &Ox3]
(4) E{ N* MOx}] @ Gl Mox?’——)[

Kax
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(5) D- KfKadeE)xj 3[12 4ﬂ

since
(6)[6::_‘]3 ; Ki@ﬂw
[

and
m |50y, - F“g

KKK g K; LHO] Ea j
L
Grouping all constants
K EO_’-E! EHNE]

B .
(10) Ez_4Nj E{‘ll\ﬂ ER4N —)] ER4N+, an + l(AR4N+, MO;QO
s E‘l , JW LR4N , o:«]W " @4N+, Mox; |

Assuming that the initial quarternary ammonium salt concentra-

(8) D -

(9) D:

tion is large compared to the initial metal concentration and thereby
neglecting the last four terms of equation (10) because of insignificant
contribution to the total concentration of quarternary ammonium salt,
the preceding equation can be reduced to:
(11) R41{jT - [-E4NE) ¥ EﬁNﬂa - @tm*, Oxil
" (R'4N+,’ Ij .
ar @4N+’ Iﬂw

(12) K
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(13) K¢, - L(B4N+’_I§]“

q EM@ -
(14) | (RN, Iﬂo = KaKiq Ezwj[ﬂ
(15) Ky, = BR4N+’ Oxjo

d ER4N+, Ox'zlw
(16) K. ER4N+’__OX__‘]W

[z o]

(17) ER4N+, o{)lo = KyqrKir [1;4N’j I_Qx_]

Substituting for [(__R N Ij , and [('R N Ox_‘)l in equation
—1'0

(11), the values obtained in equations (14) and (17).
+ + +y- -
(18) E14N] T = E{4NJ + quKqu{4NJE]+ qurKfr E{‘INﬂ ]_PX :l
—— +  — _ ’ =
(19) E{‘IN] T - LR‘Qa(I M quK‘fClE :‘+ qurKfr [OX:D

(ZO)ER 4Nﬂ - [R4Nﬂ -
( 1+ quK"fq E_J + qurKfr E)le)

If other anions are present which associate with the quarternary

ammonium ion,, a general expression can be written.

o] - o
1 +§T K dini Eﬁ]
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Substituting for EX 4N:t in equation (9)
« o [,

[Hjs (1 +IZ;D: K4iKsi Eﬁ])

1

(22) D=

Equation (22) shows that if anions are present which associate
with the quarternary ammonium ion to any extent, extraction of the

metal into the organic phase would be inhibited.
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