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Xl . CHROVATOGRAPHI C APPARATUS

Chr omat ogr aphy, a powerful anal ytical technique of recent devel opment, nay be
performed with relatively sinple apparatus. It is based upon the differential mgra
tion of solutes inaliquid or solid nmediumand maybe used for both qualitative and
quantitative anal ysis of solutions.

A QUALI TATI VE CHROVATOGRAPH C APPARATUS

Thi s section includes chranatographi c devi ces enpl oyi ng paper as the stationary
medi umand briefly describes a fewtechni ques for using these devices to identify the
conponents of a mixture

B. QUANTI TATI VE CHROVATOGRAPH C EQUI PMENT

Thi s section describes a device that allows for the separation of the conponents
of a mixture as well as the recovery of individual conponents for further experinenta-
tion or purification
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A. QUALI TATI VE CHROVATOGRAPHI C APPARATUS

Al. Horizontal Paper Chronatography Device

~«——— (1) Paper
~—————— (2) Support

a. Materials Required

Conponent s Qu Itenms Required Di nensi ons
(1) Paper' 1 Filter Paper (A) Approxi mately 10 cm

di ameter or |arger

(2) Support 1 Petri Dish (B) Slightly smaller
than filter paper

b. Construction

(1) Paper Use a circle or square of
filter paper (A) as the nmedium
for the chromat ogram

(2) Support Sel ect a petri dish or other
shal | ow contai ner (B) just
slightly snaller than the
paper (A) on the support (B).

C. Not es

(i) This apparatus can be set up al npbst instantaneously for rapid, qualitative
work. A drop of a colored solution to be analyzed is placed in the center of the
paper. Then, successive, small drops of the eluting solvent are dropped on top
of the original drop. The
sol ution spreads radially, and
as separation of conmponents
occurs, concentric rings of

color will appear on the paper.
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(ii) As an exanple of a test solution, a drop of black or blue-black, washable
ink may be used. The eluting solvent in this case could be water, nethanol
(nmethyl ated spirits) or 70%et hanol .

(iii) Chromatography paper, white paper towels, blotting paper, newsprint paper,
or other white or light-colored, coarse-grained paper may be substituted for the
filter paper (A).
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A2. Horizontal Paper Chronmtography Device *

(1) Paper \

<«——— (3) Cover

(2) support

a. Materials Required

Conponent s QU Itens Required Di nensi ons

(1) Paper 1 Filter Paper (A) Approxi mately 10 cm
di ameter or | arger

(2) Support 1 Cup or Jar (B Slightly smaller than
filter paper

(3) Cover 1 d ass Jar or Bowl (Q To cover paper and
support

b. Construction

(1) Paper Take a circle or square of
filter paper (A) or suitable
substitute and cut a tongue
across the paper to within

about 1 cmof the center of the

*Adapted from A. V. Jones, "Chromatography for Junior Schools," School Science
Revi ew, CLXXI X: (1970), 298-300.




-227-

paper. Bend the tongue down at
aright angle to the paper (A).

(2) Support Select a small cup or jar (B)
just slightly smaller than the
paper (A). Rest the paper (A)
on the jar (B) with the paper
tongue extended into the jar.

(3) Cover Select a large glass jar or
bow (C to cover the support
and paper. Invert the cover to
encl ose the other two conpo-

nents.

c. Not es

(i) This apparatus,while only slightly nore conplex than that in the previous
section, has the added advantage that, once set up, it may be left to stand for
some tinme. A spot of test solution (e.g., ink or a concentrated extract made from
plant flowers, |leaves , stens, or roots) is placed at the center of the paper (A).
Then the small jar (B) is filled to within about 2 cmof the top with solvent (e.g.,
wat er or alcohol). \Wen the paper tongue is placed in the solvent, the liquid
will soak up the tongue to the test spot, and beyond. The conponents of the test
sol ution separate out, in rings, as the solvent progressively soaks the paper.
Covering the apparatus with a bow or jar (C hel ps prevent evaporation of the
sol vent before it has had tine to soak the paper.

(ii) The experinent continues until the solvent front reaches to within about
1 cmof the edge of the paper, or until it is apparent that it has stopped noving.
The paper is then renoved fromthe apparatus and rapidly dried, using the drying
lanp (IXA3), a fan, or other source of dry heat or noving air.



A3. Horizontal Paper
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Chr cnat ogr aphy Devi ce *

(1) Paper

(2) Support

a. Materials Required

Conponent s
(1) Paper

(2) Support

(3) Cover

Qu

1

Itens Required

Filter Paper (A)

String (B)

Cup or Jar (Q

A ass Bow or Jar (D

(3) cover

Di mensi ons

Approximately 10 cm
di amreter or |arger

Approxinately 0.2 cm
di ameter, 5-10 cm
I ong

Slightly snaller than
filter paper (A)

To cover paper (A) and
support (Q



b. Construction
(1) Paper
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Cut Out

<‘( Slits

(2) Support

(3) Cover

C. Not es

(i) This apparatus is used in the same fashion

=@ ——]

spot s of
.Colored

Substances

Take a circle or square of
filter paper (A) or suitable
substitute and cut several slits
radiating fromthe center as
shown. Punch a small hole in
the center and secure a piece of
string (B) with a knot, to act
as a wck.

Select a small cup or jar (Q
just slightly smaller than the
paper (A). Rest the paper (A)
on the rimof the jar (B) so
that the string wick (C extends
into the jar.

Select a large glass jar or bow
(D) to cover the support and
paper. lnvert the cover to
encl ose t he ot her conponents.

as the precedi ng device. How
ever, the slits in the paper
allow for nore than one col ored
substance or test solutionto
be used simultaneously. The
spots are placed inside the "V
of the slits, which prevent the

colors from merging



A4. Vertical
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Paper Chronmat ogr aphy Egqui pnent

(1) Paper —

(2) Solvent
Container

a. Materials Required

Conponent s
(1) Paper

(2) Sol vent

(3) Cover

Qu

1

!

I
-

7

‘iy

Itens Required

Chr omat ogr aphy
Paper (A)

Beaker, Bowl or Jar (C

G ass Jar or Bow (D)

——— (3) Cover

Di nensi ons

Approxi mately 15 cm
x 15 cm

To cont ai n paper (A)
when rol led into tube

To fit on or over
Sol vent Cont ai ner (Q



b. Construction
(1) Paper
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*--

(2) Sol vent Contai ner

(3) Cover

Qui de
Li ne

Wth a pencil, draw a faint
line approximately 2 - 3 cm
fromone edge of the paper (A).
Use this line as a guide for

| ocating the spots of solution
or solutions to be tested. Make
the spots as small as possible
and about 2 cmapart.

Rol | the paper (A) loosely into
a tube. Secure the edges
together with the paper clips
(B) such that the edges do not
touch or overl ap.

Set the rolled paper (A) into
t he beaker, bow, or jar (Q
and pour solvent into the
container (C to a height of

about 1 cm

Rest a large glass jar or bow

(D) on or over the solvent con-
tainer (C) to prevent evapora-
tion of the solvent.
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c. Notes
(i) I'f chromatography paper is not avail able, white paper toweling or blotting

paper may be substituted

(ii) Wien this apparatus is in use, the solvent front mgrates up the paper, (by
capillary action) resulting in the separation of the components of the test spot.
This is allowed to continue until it has reached to within several cmof the top
of the paper or until it is apparent that the solvent front will nmove no further
(when the rate of capillary actionis inequilibriumwth the rate of evaporation).
The paper is then renoved fromthe apparatus and dried, and the final |ocations of
the color spots may be circled with pencil for easy identification.

(iii) This apparatus is also suitable for performing separation of colorless
subst ances, as |long as the conpl eted chromat ogramcan be treated in sone way to
nmake visible the final |ocation of the conmponent of the substances. For exanpl e,
proteins, while generally colorless, nay separate in this fashion. The dried
chromatogramis then sprayed with a ninhydrin solution, which reacts with the
anmino acids in their final |ocations, making them visible as bluish spots or

smudges.

(iv) It is possible, with this apparatus, to subnit a substance to chronoto-
graphi c separation by two different solvents on the sane sheet of paper. To run

such a t wo- di nensi onal chronat o-

gram a spot of the substance
is placed at the intersection
of two lines drawn on the
paper and treated as described
A *+7 :elpar ation above. wi th one sol vent. At
N V4 the end of the first run, the
of First Run chromatogramis remved from
the apparatus and dri ed.
:\.
spot of
Subst ance
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Fi nal Separation Then the paper is rotated 90°
/l and again rolled into a tube,
__l_g. with the first separation at
Direction of t he bottomedge of the tube.
First Run This tube is run a second tine

wi th a second sol vent. Thus,

° it is possible to effect a
A nmor e conpl ete separation than
is possible with one sol vent
L 4 Di rection
of Second al one.
Run

(v) A conplete discussion of techniques and substances appropriate to chronato-
graphi c separation is beyond the scope of this guidebook. For further information,
texts and resources on biochenm stry, chem stry, and chromat ography shoul d be
consul t ed.
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A5. Vertical Strip Paper Chronatography Equi pnent

(1) Frame

(2) Solvent
Cont ai ner

a. Material s Required

Conponent s
(1) Frane

(2) Sol vent

(3) Cover

Qu Itens Required

2

2
4
1
1

1

1

Wwood (A)

Wood (B)
Wood (Q
Wood or Masonite (D
Thin, Stiff Wre (E)

Cup or Jar (F)

Plastic Bag (G

«+( 3) Cover

Di nensi ons

lcmx 1 cmx 8 cm
lcmx 1 cmx 10 cm
1 cmx 1 cmx 20 cm

6 cmx 10 cmx 0.2 cm
Approxi mately 11 cm

| ong

Approxi mately 4 cm
high, tofit inside
frame

To fit | oosely over
frame
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b. Construction
(1) Frame

(D)

AN NN

(A)

(2) Sol vent Contai ner

(3) Cover

Wth nails and glue, secure the
frame parts (A), (B, (O, and
(D as shown. Secure the wire
(E) to the frane, about 2 cm
fromthe top, with two small
nails.

Sel ect a shallow cup or jar
(F) that will fit inside the
frame. | fnecessary, cut a
tall jar down to a hei ght of
3 -4 cm(I/F2).

Select a plastic bag (G that
will fit |loosely over the
frame. It may be held in
place by clippingit with a
clothespinto aclanp or ring
that is supported about 10 cm
above the frane on the ring and
burette stand (1V/B5) or other
sui tabl e support. Alternatively,
a frame to support the bag may
be constructed out of stiff
(e.g., coat hanger) wire.
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Cc. Not es

(i) This frame may be used to support a strip of chronatography paper or

suitabl e substitute for either ascending or descendi ng chronat ographi c operations

4 d

T

Spot

- —

' Sol vent

For ascendi ng operations, the

sol vent contai ner (F) renains

at the bottomof the frane. The
Paper strip, with one end j ust
touchi ng the sol vent, is hung
fromthe wire with a paperclip
The spot or spots of substance
to be separated is | ocated at
the | ower end of the strip

j ust above t he sol vent. The
appar at us shoul d be kept

covered by the plastic bag (G
during the course of the experi-
ment to keep sol vent evaporation

to a mninum

(ii) Inorder to use the frame for descending operations, the solvent container
(F) is placed on the top shelf (D). The paper strip is then hung fromthe sol vent

Solvent

container, heldin place with a
paper clip or clothespin, and
with a short piece fol ded over
to dip into the solvent. The
spot is located near the top of
the strip, outside the sol vent
container. The solvent front
then noves down the paper in
the course of the experiment.

(iii) Ifa sufficiently large jar is available, it may be used as a cover in place

of the plastic bag (G.
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B. QUANTI TATI VE CHROVATOGRAPHI C EQUI PMENT

Bl. Liquid-Columm Apparatus

&————— (1) Col um

P

a. Materials Required

Conponent s Qu ltems Required Di nensi ons
(1) Colum 1 G ass Tube (A) Approximately 1.5 cm
out si de di aneter,
25 cml ong
| Cotton or dass --
Wol (B)
1 | -Hol e Stopper (O To fit tube
1 d ass Tubing (D) Approximately 0.5 cm

di aneter, 5-10 cml ong
Silica Gl (E) 28- 200 nesh



b. Construction

(1) Colum
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Fire polish both ends of the
glass tube (A) to elimnate
shar p edges. Push a smal | wad
of cotton or glass wood (B)
about 1 cminto one end as a

pl ug.

Insert the small glass tube (D
into the stopper (C) and push
the stopper into the large

gl ass tube (A), and support the
colum in a vertical position
inahburette clanp (IV/B5) or
ot her suitabl e support.

To pack the colum with the
stationary nedium make a
slurry with several grans of
the silica gel (E) and water.
Pour this slurry into the top
of the colum, and allowthe
water to drain through the
smal | glass tube (D), while the
noi st silica gel is retained
by the plug (B). If necessary,
pour additional slurry into the
col um until about 15 cm of

the colum is packed with
silica gel and about 1 cm of
wat er remai ns on top of the
silicagel. If desired, the
packi ng operation may be

hast ened by appl yi ng slight
suction, by means of the
suction-filter flask (VI/A4)
coupled with a suction punp,
aspirator (V/A8) or other source

of suction.
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c. Notes

(i) The flow of liquid through the colum nay be controlled, if desired, by the
addi tion of a stopcock, or flexible rubber tubing coupled with a pinch clanp
(I1VIM) or glass bead (I11/Bl). Aglass nozzle may al so be added to the free end

of the flexible tubing.

(ii) To use this apparatus, the water remaining on the colum is allowed to
drain until less than 1 cmrenains to cover the silica gel. Then a snall quantity
of a solution of colored material to be tested, in a concentrated form is gently
pipetted on to the medium The desired solvent is then added to the colum, and
the colum is allowed to drain slowy, using either gravity or very slight suction.
As the sol vent noves down the colum, carrying the substance withit,

separationw |l occur, as indicated by col ored zones appearing on the nedium As
addi tional solvent is added to
the col um, the zones thensel ves
«<—>Solvent will nigrate down the col umn;

if sufficient solvent is added,

3000

o each zone, consisting of a

/) ..

/ speci fi c conponent of the sub-

/// Movement of stance tested, may be washed

\\\ Colored Zones of f the colum and recovered
separately.

§\ P y

CAZY

(iii) I'n addition to separating conponents of a substance and washi ng t hem down
the colum with one solvent, it is possible to use additional solvents to wash
down a conmponent or conponents that do not migrate at all with the first sol vent.
To do this, allowthe colum to drain until less than 1 cmof the first sol vent
remains on top of the medium then add the second solvent to the colum and proceed

with the washing as described above.

(iv) Oher interesting results may be obtai ned by reversing the order of solvents
used, in successive runs, with the same test substance. For exanple, al cohol and
water are two solvents that nmay be used, in either order, to separate a mxture

of vegetabl e dyes or ink.

(v One of the chief advantages of the |iquid-colum method of chromatographic
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separati on over paper chronatography is that the conponents of the substance
tested are recovered individually for use in further experinents or in quantita-
tive determ nations. For exanple, a neasured quantity of the test substance, in
a known concentration, is added to the colum, and the sol vent used and the

sol utions recovered are neasur ed. Then the conponents eluted are subnitted to
volunetric or gravimetric quantitative analysis to deternm ne the proportion of
each conmponent present in the original sanple

(vi) Substances other than 28 - 200 nesh silica gel, and sol vents other than
al cohol or water, may be used in |iquid-colum chromatography. Further experi-
nentation, as well as research into the technical literature on chromatography,
is suggested for the devel opnent of this technique. A useful reference for this
purpose is Erich Heftmann, Chromatography, Second Edition, (New York: Reinhold
Publ i shi ng Cor poration, 1967).




	XI. Chroma Intro
	A. Qualitative
	Horiz Paper (A)
	Horiz Paper (B)
	Horiz Paper (C)
	Vert Paper
	Vert Strip Paper

	B. Quantitative
	Liquid-Column


