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Procedure for Establishing Distribufioa. Repeat the identical procedures carricd
out in Expcriment [4A], but replace the 600 pL of water with 600 pL of 10% sodium
bicarbonate solutiorr. A good estimate of the efficiency of the conversion of bcnzoic
acid to the sodium salt of thc acid, lvhich becar"rse of its ionic cl-raracter is founcl al
most exclusively in the aqucous phasc, can bc rladc by recovcrirrg any unrcacted acid
frorn the nrethylcnc chloriclc laver ancl using the distributiorr cocfficient established
in Experiment [4A]. Also, be surc to obtain a mclting point of any recovcred rcsidue
(assutncd above to be bcnzoic acid) fron-r t l-re orsanic phase, sincc cr;ntamination of
frcc acid by the acid salean.be dctcctcd by this mcasurcr-ncl1t. Sodiunr bcnzoatc has
.r rnr' lf ing proint.rbove 300 "f, r,vhereas bc'rrzoic acid trclts t-rear 122 oC.

\ /
Test for a Carboxylii"Ahd. As illustratccl ir-r thc above rcaction, when a carboxylic
acid contt 's in contact with a soluticlr.r contair.ring bicarbonate-_ion, carbor.r dioxidc is
gcncratcd. C)trcr'saturatior.r of thc solution by cirrbon clioxicle occurs, bubbles of car-
bon dioxidc gas arc obscrvcd to fornr in thc l icluid phasc.This cffcncsccnce may bc
r.rsc'd as a tlualitativc tcst ior thc presencc of thc carlroxylic acid functional glctr.rp i lt
c r t  unk r tow t t  subs ta r te t . .

P lacc '1 2 nrL o i  10%, sodiurn r i r  potassiu ln b icarbonatc on a smal l  watch g lass.
Add thc purc ac id,  orrc  drop i ront  a Pastcur  p i l .c t  i f  the sar lp lc  is  a t iqu id ( -5 nrg i i
i t is a soli i l), kr thc. bicarbonatc solution. Evolution of bubblcs (COr) fronr thc. mix
tr-rrc- ir.tcl icatc- thc prcscncc of an acicl.

Pcrfortl thc- abovc'tr.st for t lrc- prgss'l1cc oi carboxvl sroups or-r sc.vcral organic
acids, such as acctic, bcnztric, prrr;.rx1-1,',1., trr chl<troacctic acid.

Soluent'. '.raction ll: A Three-Gomponent Mixture;
An Example ,;; the Separation of an Acid, a Base,
and a ileutral Suhstance
Purpose, ' l 'h is  cxcrc isc invcst igatcs holv sol r , 'cut  cxt ract rot ]  tc .chnic lL lcs can bc ap.
plic'd cffc'ctivcly' fo problcnrs that rccluirc thc scparation of n.rixturcs of orgar"ric acids,
bases,  at rd ncutra l  cor .npounds in thc rcst 'arch or  in t lust r ia l  laborat t t ry .

Prior l lcndirtg

Chnpl t ' r  3 :  I rxptr i rncnta l  Apparatus

l'astr.ur Filte.r Pipct (pp. 26-27)

Autonratic Dclivcrv Pipct (pp. 27-28)

VVcighing oi Solids ir-r lvti l l igraur Quantit ics (p. 29)

Tcchniquc 4; Solvr:nt I lxtracfion

Licluid Liquid Extraction (p. 60)

Drying of the Wct Orgarric Layc'r (pp. 67-6ti)

Se-paration of Acicls ancl Bascs (pp. 65-66)

Saltir-rg Out (p. 66)

DrsGUSSt0l{
As irlplied in the discussions of Expg1lp"n1r [-1A] and [aB], thc solubil ity charactc'r,
istics of organic acids in '"vater can bc sl-rown to bc highly dc.pendcrrt on the pH of
thc solutior-r. By extending this extraction approach to include organic bases, it has
bccn possible to clcr"clop a gencral proccdure for the scparatiorr of rnixtr-rrcs of or
ganic acids, bases, ar-rd ncutral substances.

NOTE. Rafer toTechniquc 1, p. tt6 for n chart outliriing thc procedure.
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The components of the mixture to be scparated in this experiment arc benzoic
acid, ethyl 4-amirrobenzoate (a base), and 9 fluorenone (a neutral compouncl, which
rnay be preparcd in Experirnent [33A]).
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EXPERIMEIITAI PROCEDURE

Estirnatcd tirnc of cxpcrir.ncnt: 2.5 h.

Physical Properties ol Reactants

Cornpound MW Amount mmol mp ( 'C )  bp ( "  - , satl

ph iFcnzo ic  uc id

I i thy l  4 -an ino
bcnzoatc

c) f][rorcnonc

Dic thy l  c thcr

3 M I I C ] I

3 lvl  NaOl I

6  M  l l c l

6  M NaOH

5()  nrs
50 nrg

50 mg
+  I I I L

4 nr l
4 r-nl

NO7'E. Irt cnrryirrg out fhc sqtlrotion, tltttr shotrld krcp n rccorLl or .flcnu chirt o.i Vour pro-
ccdurc (ns srr.qg'stcd irr tlrc prior rcnding trssigrnrcrft) in rlour lnltorntorrl ruttt'ltook.You slnuld
ttlso bc pttrticulnrly carcftrl to lnbd nll .flnsks.

Reagents and Equipmezf. Wcigh and add to a stop.rpc.rcd or cappc.d 
'15 

nL cc-n
trifuge tube thc foilowing: 50 rng (0.41 mmol) of bcnzoic acid, 50 mg (0.31 r.nmol) of
c'thyl -l arninobenzoatc, and 5{) nrg (0.27 mnrol) of 9 t ' luorcnone. Now, in tlre hood,
add 4 mL of diethyl ethcr usitlg a 10 rrL gaduated cylindcr for thc transfer.Thc solids
rnay be dissolvcd by cithcr stirring with a glass rod or rl ixing on aVortcx rl ixcr (cappc.cl
vial).

Separation of the Basic Component. Cool the solutiorr in an ice bath. Now, us-
ing a calibrated Pastcur pipet, add 2 mL of 3 M HCI dropwisc to the cooleci solution
with swirl ing. Cap and thoroughly rnix the resulting two-phase systcm for several
tl intrtes (a Vclrtex mixer works rvell). Vent careftrl ly and after the laycrs have se.pa-
rated removc the bottom (aqueous) layer using a Pasteur filtcr pipet and transfer this
phase to a labeled, 10 mL Erlenrncver flask.

Repeat this step with arr additional 2 mL of the 3 M acid solution. As beforc,
transt-er the aqueous layer to the same labc.led Erlcnnreyer tlask. Stopper or cap tlr is

val
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f lask. Saue the ether solufion. The aqueous acidic solutioll is to bc used in the ncxt
step.

NOTE. A snnll qmlunt oi otlstalline nnterial nntl .f-onn at the inter.fnca batn)een the lay-
ers. A secortd cxtracti(tn gcncralltl dissolucs this nnteriel.

Isolation of Ethyl 4-Aminobenzoate: The Basic Conponent To tl-re a(iueorls
acidic solution, separatccl and sct asidc in thc previous step add 6 Iv{ NaOH drop-
ivise uuti l the solution is distinctly alkaline to l itnus pape'r. Cool the t ' lask in an icc
bath for about 10-15 r'nin. Colle.cl thr. solid orccioitate that brrns in the. basic solu-
tion l-rl rcduccd-prressurc'i i l tr.rt ion using n Hirsch funnel. Waslr the prccipitatc witlr
two 1-rnl portions of disti l led water. Air-dry thc washcd nricrocrystals bv spreacling
thctn on a ciav platc, f i l te.r papcr, or in a \/acuum drving ovcn. Wcigh thc mate-rial and
calculatc thc pcrcerrt recovcry. C)btain rhc. mclting point of thc c1ry cthyl 4 anrinobct'r
zoatc ancl  corrparc lour  rcsul t  b  thc l i tcraturc valuc.This nratcr ia l  is  uscd as a top-
ica l  arresthct ic .

Separation of the Acidic Component Add 2 nrl of 3 M NaOII to thc- cthcr s<r
lut ion that  was sL. t  as ic jc 'car l ic . r  in  thc c.xpcr i rncnt .  At  th is  point ,  i f  ncccssary,  add ad-
di t ional  c thcr  ( -1-2 mL) so that  thc volun-rc of  thc t ' r rganic layr . r  js  at  lcast  t - .qual  to ,
or sotrtc',vlrat largcr than, t l-rat of t lrc arluc.ous phasc..This acljr-rstrncnt ir.r 'uoltrnrc should
allow at-r cff icicrrt distributior-r to takc placc lvhcn thr- two phascs arc n.rixcd. Thcn
can] out t lrr 'cxtt-actitrr as bcforc, allclw tirc laycrs to scparatc, and iinally transf'cr thc
bottonr aquc()Lls basic Iaye'r to a labeled, 10 rnL Erlc.nrtrc.yc.r f lask.

Rcpcat this routinc and agairr rL.nrovc thc aclucous lavc.r and transfc.r it to rhc
sanrc l:r lcntrcvcr f lask. Stoppe.r this t. lask (containing thc. cxtracfctl aciucous blsic
phasc)  and sct  i t  as idc ibr  Ia tcr  usc.

Separation of the Neutral Component Wash (cxtract) thc rcmaining cthL.r so-
lr-tt iot 't containcd in thc'ccntri ir.rge. tubc rvith two 1 rr[, portions of watcr. Scparatc
tlrc' lowcr aclucous lavc'r in cach sL'clucl.lcr'. Sr.lztr ' tht' aqtrcous ittosh lnvcr tutLptorarilry; it
uill lr discnrded at thc uotl urd of thc cxltcrirucrrt. (lt is good Trrot'fi<'c tct rtt'ut'r discord nuq
Iotlcr ttrtt i l  t lou hnuc rrcot,t,rcd or nccrtttrttcd.for oll o.f lhc nuttL,risl.) Nttrv atld abotrt 300
nrc of anhvdrous granular socliunr sulfatt to thc wc.t cthcr (cthcr saturated r,vith lva-
tcr )  so lut ion.  Capr thc tubc arrd sct  i t  as idc wlr i lc  work ing upr  tht  a lka l inc e.xt ract ion
solutior-r. ' fhis procc:durc wil l allow sufficir--nt t imc ior thc- traces c'ri rrrt>isturc to bc rc-

glygd-isr- tlre cthcr solution"by, Lrydration oi.tl-rc insoh:blc drying agcnt. lf tlrc
sodiu ln sul fatc  i r r i t ia l ly  iorns largc c iunrps,  you may add a tur thcr  c luarr t i ty  of  t l rc  an-
hycjrous salt.

lsolation of Benzoic Aciil: The Acidic Component. Add 6 M tlcl dropwisc fo
thc arlr,rcous alkalinc soiution, which was scparated ar.rd sct asidc earlie.r, unti l thc so
Iution bccomes clistinctlv acidic to l itrrrlrs papcr. Then cool the. f lask in an ice bath for
abor,rt 10 rrin lf only a small amount (10-25 mg) of prccipitate. is obtaincd orr acid-
if ication, add a small arroLllrt of a sattrratccl aqucolls solution of sodium chloride (salt-
ing out effect; scc Prior Re'ading assi;pmer-rt) to hclp promotc furthcr prccipitation
of the bcr.rzoic acicl. Collcct the prccipitatcd bcnzoic acid bv fi l tration under rcducccj
prcssurc usir-rg a Hirsch funnr' l. Wash (rir-rsc) thc' f i l tcr cake (prccipitatcd acid) with
ti,vo 1 tnL portiot.ts oi cold disfi l led watc.r. Drv the solid product using ont'rrf the tech
r-riques dcscribed carlicr krr ethyi -1-arrinobenzoate. Weigh the dry benzoic acid and
calculate. your percent recovery.

Obtain a nrc)tirg point of this matcrial arrd compare your rcsult to the l iteraturc
vatuc.

Isolation of 9-Eluorenone: The Neutral Component. Usc a Pasteur filtcr pipet
to trarrsfcr thc dried ether solutior-r collectcd earlier to a tared 10-mL Erlenmcver flask
containing a boil ing stone. Rinsc the dryirrg agent with an additional I rnl of ethcr
and cornbine the ether wash with thc anhydrous organlc phase.



=-f-

132 cHAprER 6 . MrcRoscALE oRGANtc LABoRAToRv ExpERtMENTs

Concentratc the ether solutiorr on a wanr sand bath usiug a .s/oiu stream of ni
HOOD trogen gas in the hood. Obtain the weight of the rcsict-rc (9-fluorenone) attcr rc

moval oi thc solvent and calculate the percerrt rccovL.rl ' . Obtain a meiting point ot
the rnatc'rial and compare vour result to thc l iterature value.

-

Redur

QUESTI0l{S 6-21. Explain wh1'diethyl ctherwould be expcctcd to bc a satisfacton'solvcnt ior the str.r 'ght

chai lr  l l ' r l rocarbons hcxane and heptanc.

6-22. Thc. solr"rbi l i tv oi p-cl ibror.nobcnzcr.rc in bcr.rzcnc is t t() pg/l t) t)  pL at 25 "C. Wrulr l  you
prccl ict thc soluhi l i t l 'of this conrpountl  to Lrc grL.atcr, less, crr air irroxinratclt ' thc saurc in
.rcct()r lc solvcnt at t l ' r is tctt i f ' rcrature? [xplain.

H H

\ /
C:C
/ \

Br-C .C-Br
\\ //
C-C

H H
p-Dib rrr nrobe nzcnc

6-23. Each oi thc solvcnts l istccl bcltrw art usccl in expcrinrc' t- t ts in lhis tcxt t , '  t ' r tracl rrr{Jr) ir
conrpouncls fnrm aclt tcotts solut iorrs.
(a) Mctht ' lcrrc chloriclc
(b) l 'cntant:
(c )  l i  r lL rcnc
(d)  l ) ie  thv l  c lhcr

\ \ i l l  thc  o rgu l r i c  ph lse  be  thc  uppc l  o r  lowt ' r  l . rv t ' r  whcr  r ' . rch  r r f  thcs t ' so lv r 'n ts  i s
nrixcrl  with watcr? Ir.rpl.r in x)Lrr . lnswcr lor ci tclr  r 'ast ' .

6-24. A 36 nrg sanrplc of an trrgirt t i t  cot lpouurl (MW - t i" l )  is t l issolvetl  in l t)  ntL ol rvi t tcr.
' fhis 

aclucous solut ion is cxl lactct l  with 5.() nrl .  ol-hcxat-tt ' .  Scpapll i l rp ancl .rral l ,sis of the
a(lucous phasc shows that i t  rrow conti t ins l? r 'ng of thc trrganic r:otnpountl .  Calculatc
t l-rc part i t ion cocfi icicnt ior thc compountl .

6-25. A r lLral i tat ivc r-ncthorl oftcn usr.cl  to clctcrnrirrc whcthcr ln organic cornpouucl cot ' t
ta ins  r rx l ,gcn  is  to  tcs t  i t s  so l r rb i l i t l  i r r  conccnt ra tc t l  su l fL r r i c  ac ic l .  A l r -nos t  aJ l  oxvgcn
cor-rtair-r ir-rg compor-rucls arc soltrt  lc in this acicl.  I :xplain.

6-26. ln thc t lrscussion of n-rr,r l t iplc 'cxtr.ret iorrs (p.59), i t  was sur:gcstt ' t l  that irr  thc cxanrplt '
givcu 1'ou nright cxtcntl  thc rclat ionship fo t ire lrL' \ t  sicp bv r,rsirrg trtrc thirt l  of thc total
qtrarrt i tv of t l -rc cthcr soh, 'cnt irr  thrcc port ions.l 'hc r( 'as()11 ior incrcasirrg thc trurlber ol '
t .xtract ions was to r lctcmrint lvhe thcr this e.xpansion'"r,oult i  incrcasc t l-rc ci i ic icno,oi thrr

frr()cess cvcn furthcr. ' l i r  cictcrnrinc i f  this ncxt stcp is w,ort lr  t l ic ci f i rr t ,  pcriornr thc c.r l
cr-r lat ions ior thc cxtract ion of 100 rng oi I ' in 3(X) pL oi rvatcr with thrcc l(X) pL por-
t ions of e.thcr. Assume t l ' rc part i t ior-r cocff icicnt is 3.5 (as bcforc).
(a) Comparc thc ilmounts of P cxtractc.c'l fnrm thc watcr ltrvcr r.rsing or-tc, two, or threc

L.xtra c tl( )11s.
(b) Dtr 1ou think t l-rat the. arlr l i t ional aux)unt of P cxtraclcrl  t iom thc natcr la) 'cr lrsing

tlrrct cxtract ior.rs is j trst i i icd? N4ight i t  bc jr-rst i f ic 'd i l  I ' rvtrt ' r 'al trablc ancl vou werc
working on thc inr ' lustr ir l  scalc oi 10() kg tr i  I ' in 3()()() L oi wtrtcr?
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I 
aqueous acid layer of Ar-NH+ -6M Nn()H ' isolate Ar-NH, by fi l tration

I

Extrrction procedurcs can be used to scparate mixtures of solids. For cxarnple,
tl-rc t ' low chart below diagrams a sequcucL. used to scparate a mixturc made up of an
aronratic carboxylic acid (ArCOrH), ar.r arornatic base (ArNHr), and a ncutral arorlatic
compourrd (ArH). Aromatic cc'rnipounds arc discussed hcre sirnply becausc ther,arc
l ike l l ' to  be crysta l l ine sol ids.
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J
isolate Ar-COOH by f i l t rat ion

hr this cxamplc, wc 0ssLlmL. that thc organic acid and basc- arc. solids. l i  t. i t ircr or
both wcrc l icluids, an adclit ional cxtraction tl i  thc. f irral acidic acluct' lus or alkalint scr
lution with cthc.r, followcd by drying and concentration, would bc rccluired to isolate.
thc ac id ic  or  basic  componcnt .

Salting Ouf. Most extractions in thc organic laboratory involvc watcr and an or
gar-ric solvcrrt. fr,{anv organic cornpouncls lrave partial solubil ity in both solve'nts. Tit
e-xtract thcm from water, thc'partit ion cocfficiettt (betweerr the organic solvent and
water) carr bc shifted in favor of thc organic la1,c1 bv saturating the watcr laycr with
an inorganic salt, such as sodium chloridc. Water molecules prcfcr to solvatc thc po-
lar ions (in this case sodiunr and chloridc ions), and thus frcc the r.reutral organic
molcculcs to r.nigatc. into the organic phasc. Arrother rvav to think of this is to rcal-
izc tlrat the ionic solution is morc polar than purc water, so thc less polar org;anic
nrolecules arc less soluble. than in purc watcr. Forcing an organic material out of a
rvater solution bv adding an inorganic salt is called snltirtg out.

Saltirrg oLrt c.rn also be effectivcly uscd for the preliminnnl dnling of thc wet or-
garric layer that rcsuits fronr an extraction process. (Diethyl ether, in particular, can
dissolve a iair anrount of watcr.) Washirrg tl"ris organic layer with a saturated salt so
lution rcnroves most of the dissolved water into the aqueous phase. This rnakes fur-
ther drying of thc organic phasc with solid drving agents easier and trruch more cf-
fective (see Drying Agents below).


