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2 on adsorbent, certain amount of it geig
' mass of (he §8s O Vapour sorbed o
the gas phase and K, K, and K, up o
.w.ﬂ:dm'ofﬂm'l
" I 1o Henry's law of partition. (. ¥'m=Ke. Nowy
different K-values for different vapous-sorbent pajry,
muwndhmoflhfﬂlbnm; -
A'rmin down an emply fube that is § ft Je
mmr::::‘. other (Fig. 40.1, top). Il such a tube wee
Mwumﬂ*ﬂ.“ﬁcnhﬂ

gas chromatography column. The gas i
. phase. The gas that emerges after it has passed iy
ph,,mubcmhuulymlubkmh”_

%
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EL i =
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2 e
: il
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A -
f - = 3

L | 4o 2675
hat, on the average, each molecule of g spends
., i inder of the mm _'m the gas i Fo: constant fraction nl'lhg: time in the

':f“_'f_:cm say that if gas B were flowing all the time.
PYSRNIe S : . » 1t would take 3 mm to f]
 the tube. There ore it must spend 3 mun flowing to reach the end of the tube. But it spends u:;
¢ its tme in the gas phase, and 3 min is 60% of the total time in the column. Therefore the total

g I -
ki = THILYS s

B g
::_1-|' rﬂﬁ!
. A
g iémnmmum mn liquid _40
..-_‘g: ':d?".'..'i - " .
e concentration ingas 60

d directly in the time it takes for the gas to elute from the chromatography column.

o =

e i

coefficient for the gas in Fig. 40.2 is given by

o

" Rased on t  relationship, we can state that the time spent in the gas phase, or mobile phase, is

ij,'.i:}? nkes for the carncr gas to pass through the column, that is, t,- The time spent

-~‘* or stationary phase, is the exrra time it takes for the sample to pass through the

by, that iS, , where ¢ is the total time for the sample to pass through the column, or the retention
, We can therefore present K m terms of the chromatographic experiment as

Absolute Copying Freedom V- iTYTITY]

1110

~ If we su atute a second gas C for gas B in Fig. 40.2 and 1t is found that gas C spends only 20%
o iis e in liquid A and 80% of its time as a gas, then when C is permitted to flow through the tube

L
1
el

(¢ -f.jj.f-:_'-' :f ted sand, it moves at the rate of 2 f/min for 80% of the ime and 1s at rest for 20% of
& time. The average flow rate should be 2 x (80/100) = 1.6 fmin. The total time needed for gas C

L]
"

& flow through the tube is 6/1.6 = 3.75 min.
If we }:in pass a mixture of gases B and C down the tube, gas C would emerge aft:r_ 3.75 min
d 225 B after 5 min. Passage of a mixture of the two gases down the tube results in separation of the

| L

w
1
Il-'.'.. - o >

| ..:'__;.;_-:_;:;‘ ch as helium, flow through chromatographic columns at a constant velocity; that is,

) L e : ime in the stationary phase. For this reason inert gases
) not interact with and thus spend no time In
| gases. In prnctic:cthc carrier gas flows steadily through the column. The sample :

1)

i r -."":-.,- K

{ .

: = Hj.. b Sy "

€0 as cam
Tk

e
s,
-
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P cial variations are available, bas;
{of sx busc componene askally sl 4 clromatorphs, hether GL.C
as which is maintained

at a high pressure and is delivered to the instrument at a rapid

e e s AL S Reference
] J Detector

ol |

Sample
Detector

I—H

iy el

pepa——T * L T = L 2

Flg. 40.3 : Gas Chromatograph (Schematic)

. carried out in a tubular column made of glass, metal or

filled as the stationary phase. The adsorbents are packed in the form
ed as

1
her coated as fine film on the column wall or firs
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2.680

(i) Open Tubular Column

(1ii) Support Coated Open Tubula

e e e e e o — - —— ot Nl el Y A

Table 40.1.
Table 40.1 : Some GC Stationary Phases
Identification
Abbreviation

22:;1: AnCEY polyethylenc g'lyculs
CDMS cyclohexane dimethanol succinate
DEGS diethylene glycol succinate
Dexsil—300 carborane-sEI!cnnc
Dexsil—400 c:rbnmnc—sﬂllcunc
FFAP Free fatty acid phase
Igepal CO-880 nunylphtnoxypoly (clhulcncmy} cthanol
NPGS neopentylglycol succinate
OV-] methyl silicone
OV-7 20% phenyl, methyl silicone
OV-17 50% phenyl, methyl silicone
OV-25 75% phenyl, methyl silicone
OV-61 31% phenyl, methyl silicone
OVv-101 liquid methyl silicone
OV-210 50% trifluoropropyl, methyl silicone
OV-225 25% phenyl, 25% cyanopropyl methyl silicone
PEC-A di-n—decy! phthalate
QF-1 50% trifluoropropyl, methyl silicone
SE-30 methyl silicone
SE-52 5% phenyl, methy! silicone
SF-96 methyl silicone
SP-525 s aromatic polymer
SP-2250-BD 30% phenyl, methyl silicone
Thermol-3 : phenetidine derivative
UCW=-98 | vinyl, methyl silicone J
XE-60 25% cyanothyl, methyl silicone |
Ucon

-

Gas Ch'“'iu 4

£ - ~nd withoul tailing. Thus 1t 1s quite usefu] i :
| js rapid and 3

III. Sample overload rpcovﬂ? oh |

and trace analysis work. hanically strong and can be casily packed o ol

[V. Porus polymer beads are 5
V. Retention data are highly reproduci

| | vided are unique.
V1. Some of the “Pln::::cp::lum are IISO l'trCﬂ'cd () cnp:llnry or GUI&)’ Cﬂllnnn!
5

' form and narrow *
: 0 meters) having uni Ntema] g 8
mbmrilfl?j' stainless steel, copper, nylon, or glass eic_ 'hed |

: illary tubing 1s coated
The inside wall of the capil | With the o
5‘}“‘ b_"-'i“g] ‘hE) “’:’i‘r':’p".lnrio 5 el icron) and uniform film. The carrier gas fo 3
phase in the form thin (V-

AT lumn.

‘ l no ckmg in '.he cO g
resistance because there 1S rpz'olumu:. These columns are made by depositing 5 Microq
1 on the inside wall of a capillary column and thep COutjng

mater |
porous Jayer of support These columns have more sample capacity and an inle Splittey

a thin film of liquid phase. are preferred for trace analysis.

not be required. SCOT col ‘
A numbc: of nonvolatile liquids are used as stationary phases. Some of them g | '

t

made of long capillary
(0.025-0.075 cm). They are

w fam ¢

palypropylene glycols
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55 o it
ey 0 AT 0.50 mm AN R T =
-~ 050 mm T e 2 fnm
A X . %y 5l : |

2 ‘*'Mw“‘ 10-100 m Rafarier :—4er

o  1000-3000 600-1200 1000-3000 $00-1000
: R "”*i Mm plates/metre plates/metre plates/metre
e 1 10 ng-1 g 10 ng-10 pg 10 ng-1 mg

od ”’}_F ~ Low Low Very high High

3 give: :;;;: .qf the stationary phases with which bulk of the Separations can be achieved,

Table 40.3 : Column Packings for GC Sepa

B - rations

Packing

Pora Pak Q, SP—IZU{}J’HjPO‘. Chromosorb 102
DEGS-PS

Chromosorb 102, Pora Pak Q, Carbowax 1500
SP-1200, OV~101, SE-30, OV~

Chromosorb 103
10% Apiezon L + 2% KOH

Molecular Sieve 5A, Carbosieve B
Pora Pak Q, Chromosorb 102

Carbosieve B
5% SP-1200/5% Bentone 34
10% SP-1200, OV-101, SE-30, OV-1

3% SP-2100, OV-101, SE-30, OV-|
1% Dexsil 300

1.5% SP.2250/1.95% SP-2401

1.5% OV-17/1.95% OV-210

10% SP-2100, OV-1, SE-30, OV-101

3% SP-2100, 2250, 2401, or, 2340, OV-1, OV-101,
SE-30, OV-17, OV-210, Silar-10C
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~ Table 404 | Bensitivity of GC Detectors oy € A R
~ Semsinvity [g) Linear range ~ Comments .
R 0 10° Universal sensitivity, nondestruetive
v o Detects all organie compounds, the most widely
e used GC detector, destruetive
1o A ) N - Deteets halo-, nitro-, and phusphorus compounds.
S response vanies significantly, nondestructive
B S101 e o 1) Sulfur and phosphorus compaunds, tesponse varies
- widely with compound, destruetive
SR 10 10* Universal, low sensifivity, nondestructive
e e 10* Universal; argon carrier gas necessary non-destiuc-
B ‘ live
e 410 10 Universal; detects najor components

ates. The solld support is generally coated with a high boiling liquid known as the substrate
13 a5 the a obile phase in GLC, The general requirements for the liquid phase are given

sroperty of the component.

ef ,_A, of sample components,
sour pressure at the column temperature.

‘:‘:—* .‘}t_' iz
hermn qlmy'
e :

%_&:"_15" S i:‘ 2

_ Tabledos: Somc Typle Subuit

Solute npe Temperature (°C)
Amines, cthers, alcohols, ketones, esters, aromatics 100-200
ParafTing, olefins, and halides 150
ols Paraffins, olefins, esters and cthers 200
| phthalate Polar Compounds 170

ecyl phihalaic
cerature Control. A temperature programming facilitates controlled increase of even tempera:
ag an analysis. Thus, the latter peaks also become sharp and emerge quickly. Thus in tem-

re programming the components of a wide boiling range mixture may be resolved elliciently.

r _;"_tn_ programming may be carried out in three different modes, These are -

1
rn

"'éperlliun with linear temperafure programme 1§ more commaon. The requircments for
serature programming are discussed below
olumn sy tem. This compensates for bleeding of liquid phase from columns during increase

; sl -
1 n_-il"lllu*l L
- = q"‘—,'-

=y

EV'-'Lifi?j

serature
ASRE
eparate he for injector, column, oven and detector system,

Differential flow controllers.
nass column oven for rapid heat transfer.
Tt o rrﬂr“it!, | .

ow | ?.t';lj;:r,!il lﬂlﬂlnﬂ.

—y

Qm,gfg;:ﬂ

o
g
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[ i

-‘|:.-|

""; y or flow rate, 4 15 & canstant that immlmhﬂh“hhm
etar AT ualhdmueddydlmuimtmahlmmrmm-hm
‘ ﬁ i the correction for the tortuosity of the path and is ealled the molecular
ac AH.... ﬁutuﬂmmm-nmmmmhmuwmmw

a typics %Dumnmdyhummmwu
o mnfhm-&nmhnmmmmnﬂnwmu

| "1.

853’0 ; o nental retention volume for a chromatogram is given by -
p (h
onlhetlmr:ull from the point of Injection (o the peak maximum and
.ﬂfﬂ“ {n millilitres perminute. As already discussed the retention volume is also
¢ of theoretical plates by (he relation
F i'“' % u)
phll volume. The relation of the effective plate volume to the partition
i i., uf ;
/ m . PA )
“’ of theoretical plate, A Is the cross sectional area of the stationary phase and
' ;’" cle vFrum equations (2) and (3) we get
‘1*:&1#{! M S PA;) A
T%J*. "!H’V (
height times area, which equals volume. V. is the volume of the mobile phase
r F h , substance. P is defined os

i

I%" Wi of solute r ml substrate
© Wi of solute per ml gas

h o ‘ﬂ 4
generally expressed as separation

of the scparation of the gomponents of & MIATIE s distance of separation of

fion between the peaks. It 15 also expressed (n terms of he
M width of the phase using the relation.

-—-—J‘., T
; i - w, | i ‘
' veoresent the retention volume and retention time &3 shown (n Fig 40.13

'l'rw. : G | that values ol i oggqual 1o
lue of h the figure Is aboul { 14, 1t should be kept in mind tha

| m."m "-T_ bculml or essentially complele resolution

| L gl
}.‘i;' Hu el Pf mmtﬁglﬂ:llﬂqu:::::ﬂ::dmm ﬂ‘\' developnwnl of the distne! rrl‘lhhl!
- -,-"*';"'-.'!" s pie

mum-

q
}
i
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include (1) aleohols from CI1L.OH
o C e, and (4) patur I‘m
IHIHE fuch as amines and
PN tares OF 1 ; Yy scpan 1 via this technique.
a0 h mn m. 4017, It 1s not dilTicult o I.I'I'I[Inllhllrﬁ fwon of soch
AT ' . Kpan
my ofher means would be virtually impossible. |

. Fig. 417 | Typieal chvomatogram ef swaigni-chain aicohols.

- ._.r" v E

§ s DS _.a—.l -:"H' ;

Sy
Ty ST : are the qualitative and quantittive analysis of

_. ] applicabons nfl::r:hrmwlrﬁr qu::hh et br Gaportiad
S~ -""mb, this mu. hod 1t should be noted that the compound must be sable
- e ' of these temperatures, or the method gives emoncous

b that are unstsble at these lemperature of that are not yolanle can be analyzed by
VL

-'Il o
AT
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esp *:j"’ "]umr Since none of the detectors respond to the same degree for an equal mass
: g'_'ﬁ'?_“:;,.-ﬁ 5, A response factor must be determined for each pure compound under any given

ditions. ] s response factor is used in subsequent calculations for the quantitative evaluation
n in a mixture under the same set of conditions.

A J_'j : Jb ration. Rather than calculating the response factor, a number of exact knows
Known pure component may be chromatogramed. The concentration of the unknown 1s then

n ;.r.._-.f; rd plot of concentration against peak height or, more often, peak arca. provided
tal conditi

ons are held constant.

e

ndards. In this procedure a known weight of an mtemal standard 1s added o each of

fandard: atl
wn sa nple weights. The internal standard must be sumlar in structure to the sample
. R
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B
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V1. Analysis of Sulphur gases.
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