Lab SF:

l-J: Separating (and Identifying) the Components of a Mixture

Purpose

To prepare and separate a 3-component mixture using aclid-base extractions and learm some basic concepls relal-

Ing to the punfication and analysis of organic compounds.

L earning Objectives

Learn how o purlfy solids by acid-base extraction.
Learn how (o dry a solid product.

Confirm the 1dentity, and determine purity, of a compound using melting point analysis.

Laboratory Skills

Perform an acld-base workup.
Perform a vacuum filtration.
Perform a liguid-liguid extraction.

Perform a recrystalllzation.

Perform a melting polnt analysis.

Equipment Chemicals
= Microspatula = 150-ml. Beaker » Three unknown
= Two small beakers lce/water bath sollds
= Two 50-mL Beakers = Hirsch funnel = Diethyl ether
= (Glass mod * Kimax filter flask = 5% Sodium
= 5-mL Conical vial = Watch glasses bicarbonate (aq)
s Centrifupe tubes and = Caplllary tubes
caps = Mel-lemp apparitus
= pH Faper

= 106 Sodium
hyd roctde (aq)

= Sodium sulfale

= 6 M Hydrochloric
acid
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Acid-Base Extraction

Background

Extraction involves dissolving a compound, or compounds, elther (1) from a solid Into a solvent or (2) from a
solution Into another solvent. A famillar example of the first case 1s making a cup of tea or coffee—the soluble
flavor and odor chemicals and caffeine are extracted from the solid tea leaves or ground coffee beans into hot
water (the solvent). Insoluble plant material s left behind in the tea bag or coffee filter. An example of the
second case 15 an experiment thal 1s often done In an Introductory organic lab—an onganic solvent 15 used o
extract the caffeine from an agueous tea or coffee solution, leaving the more water-soluble compounds behind In
Lhe aqueous solutlon. This In [act s how decaffeinated tea and coffee are sometimes made.

Solvent-Solvent Extraction

An acid-base extraction 15 a modification of the second case abowe; that
1s, It 15 a solvent-solvent extraction. Before looking at what makes 1t

HEToEm,
an acld-base extraction, let’s first consider solvent-solvent extractlons T—
In general. A requirement of a solvent-solvent extraction 15 that the :E:ﬂﬂmm

hargimag |owr podarity
wo solvenis be mostly Insoluble In one another; that Is, a mixture of i

the two solvents will separate Into two layers. Itis important tomole ™ e - e ccmcm oo -
that the upper layer is that which is less demse. For example, a mixture

of diethyl ether and water will separate into two layers, with the ether "J,.-'-"HH
layer (density = 0.71 g/mL) being on top of the water layer (densily = Larwrar Layst
1.00 g/mL} {Figure SP.1). Note that in almost every case, one of the sol- . :'E.*;'E:.’Emm

harviesg high palarity
vents Is waler or an aqueocus solutlon. The other solvent 1s an organic

solvent that 15 mostly insoluble in water, for example; diethyl ether, hex-

ane, and/or dichloromethane. The organic solvent must also be volatile

(easlly-evaporated) so 1t can be easily removed by evaporation at the  Figure SP1: Solvent-solvent extrac-
tion

end.
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Acid-Base Extraction

Table SP1: Possible Unknown Compounds with Melting Point Ranges

& o~coole

Salicylic acid Benzolc acid Naphthalene EBenzophenone
MP: 158-159°C MP: 121-122°C MP: 79-81"C MP:. 48-49°C
CH OH
’ EiL N
@ v O
1-Naphthol 2-naphthol Resorcinol Biphenyl
MP: 9596 °C MP: 121-123°C MP- 110-111°C MP: 68-70"C

Acid-Base Extraction

In the experiment performed in this lab, a mixture of a carbocylic actd (stronger actd), a phenol (weaker acid),
and a neutral compound (Table SP.1) will be separated by sequential acld-base extractions (Flpure SP.2 and Flg-
ure SP.3). The separated compounds will be punfied by recrystallization and then identified by melting point
analysis. The solidd mixture of unknowns 15 first dissolved tn ether and mixed thoroughly with agueous sodium
bicarbonate (weaker base). After the layers settle, they are separated, and placed Into different tubes. The ether
layer 1s then extracted with sodium hydroxide (stronger base), the layers separated, and each layer worked up sep-
arately. Three separate soluttons result; one ether and two aqueous. Dissolved waler 1s removed from the ether
solution using a drying procedure and the ether 1s evaponraled to vield the solid neutral compound. This can then
be recrystallized to yield pure solid neutral compound. The basic aqueous solutions are neutralized with HCl o
yield the carboxylic acld and phenol, which, because of thelr water Insolubility, precipitale oul The precipitates
can be collected, recrysiallized, and allowed o dry to yield pure carboxylic ackd and pure phenol.

The extractions must be done in the order shown; first with sodium bicarbonate
(weaker base) and then with sodium hydroxide (strong base).
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