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Fourier transform infrared spectrometric de-
tection in high-performance liquid chromatog-
raphy; Application to group type separation of
hydrocarbons. Hitoshi Koizumr and Yoshihito
Suzukr (Faculty of Engineering, Yamanashi Univer-
sity, 4-3-11, Takeda, Kofu-shi, Yamanashi)

High-performance liquid chromatography/Fourier
transform-infrared spectrometry (HPLC/FT-IR) has
been studied as one of the most promising approaches
to develop a versatile detection system. Its measure-
ment has been carried out by means of a home-made
0.3 mm pathlength KRS-5 IR flow cell (about 24 pl
cell volume). The infrared detection system used was
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a Digilab FTS-20 Fourier transform infrared spectrom-
eter equipped with a FTS-GCS softprogram. The
group type separation of hydrocarbons was accomplished
using 4.6 mm i.d. X 25 cm Develosil (silicagel, 60 A-5 pm)
chromatographic column and fluoroalkane(Fluorinert
FC-72, flow rate 3.5 ml/min) as a mobile phase. After
elution of saturateds and olefins, the aromatics were
then eluted as a single peak by backflushing at 6 min.
Separated hydrocarbons were detected five selected
window regions(Multigram:MG and Multigram sum:
MS). Model gasolines were prepared with the ap-
proximate proportions of saturateds and aromatics for
calibration curves. Twenty pl of model gasoline was
injected to HPLC. Calibration curves were obtained
from a peak heights of MS. Results of HPLC/FT-IR
analyses of a motor gasoline were 54 vol 9, for satu-
rateds, 41 vol 9, for aromatics and 5 vol 9, for olefins.
They agreed closely with those obtained by fluorescent
indicator adsorption method.
(Received Jan. 10, 1983)
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Table 1 Iodate consumption by organic and in-
organic compounds in the strong phosphoric
acid (SPA)-iodate decomposition method

Iodate( consumed (%)
meq Ratio (%
Compound ’I(‘ake)n o x_——_ (Found/
mg The- F theoretical)
\ ound
oretical
Malonic acid
HOOCCH,COOH 13.3 1.02 1.02 100 b
Succinic acid
HOOG(CHj,) ;COOH 16.4 1.94 1.84 95 b
Adipic acid CgH;¢O4 7.3 1.30 1.27 98 a
HOOC(CH;){COOH 7.8 1.39 1.39 100 b
D-Xylose 05H1005 7.8 1.04 1.04 100 b
. . 3.03 b
Fructose GgH1306 b2 393 300 % e
e oo §1 18 1% 3
Capioe @t 1 L LE T
(Free moisture 3 %) 7'8 l. 16 1' 11 96 ¢
Tannic acid 17.4 2.30 2.42 105 b
Ci14H100p-xH,0(x=2.3) 14.7 1.94 2.03 105 ¢
Sodium acetate
CH,3COONa-3 H,0 40.6 2.39 0.91 38 b
Butyric acid 6.8 1.54 1.02 66 b
C3H;COOH 10.1 2.30 1.61 70 ¢
iso-Valeric acid 10.5 2.68 1.96 73 a
(CH3);CHCH,;COOH 6.6 1.68 1.33 79 b
Capric acid 7.9 2.57 0.81 32 b
CyH,;COOH 6.6 2.15 1.51 70 ¢
Stearic acid
C,7H35COOH 10.2 3.73 0.95 25 b
Sodium lauryl sulfate
C12N25080;Na 4.4 1.10 0.44 40 b
Phenol C¢Hs;OH 9.3 2.77 2.52 91 b
Phthalic acid 6.9 1.25 0.85 68 b
CsH4(COOH) 2 10.3 1.86 1.28 69 ¢
Salicylic acid
HOC:H,COOH 5.4 1.10 1.09 99 b
Hexadecane C;¢H3y 10.5 4.55 0.017 0.4 b
Polyvinyl-alcohol
(CH,CHOH),, 5.9 1.34 0.89 66 b
Polyethylene (CH;CHz), 4 b
s 50000) 3.6 1.5 0.49 32
Ammonium oxalate 16.5 0.93 0.98 105 b
(NH,4):C;04-H,0 35.5 2.00 2.19 110 ¢
Glutamic acid 7.5 1.07 1.08 101 a
HOOC(CH3) »- 7.8 1.11 1.11 100 b
CHNH,COOH 7.5 1.07 1.10 103 ¢
Na-EDTA(2 H;0) 18.3 1.97 1.96 9 b
(EDTA-disodium salt) 18.1 1.95 1.99 102 ¢
Urea 10.6 1.06 1.09 103 a
20.5 2.05 2.26 110 b
H;NCONH, 205 2.05 232 113 ¢
Thiourea 5.2 0.95 0.95 100 a
H;NGSNH. 11.0 2.02 2.12 105 b
L-Cysteine
HSCH,CHNH,COOH 13.5 2.34 2.35 100 b
Thiomalic acid
HOOCCH,CHSHCooH !%-0  2.00  1.98 9 b
Ammonium sulfate ggg gg% ggg {8% f’)
(NH4)250, 20.2 0.92 1.03 12 ¢
Sodium chloride ggg 822 832 gg E
NaCl 50.7  0.87  0.86 9 c
Zinc sulfide 25.1 2.06 1.81 88 b
ZnS 25.1 2.06 1.42 69 ¢

KIOj3 used : 5meq; a: 200°C-SPA, b: 250°C-SPA, c: 300°C-
SPA
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Table 1 <TH»% k51, MY vER L Lo FAGHRRE
DECSDOFENEYDOSRELBDHEMTH S, K
R HTREH Y B RS, BEETKEDS
%, XOoBROEMEEYWTHLEREAT T Y VEE
ALY vER BV vER), 200°C, 250°C, KO
300 °C s Y vERE AVTHR LT

#EEIL Table 2 IWRT XS, MBROATT Y v
BT, MY YEBORPRE BV ESBRLEL
B, A ) VEBTRIEZEAESBEIRIL., —,
EHE TREFBRTEI A AT Y vBRE AVWTE 4B
h, +o COD {fiiz 300°C 24y vERC B LR BHD
9By ThHH O ELIBEOEBRHRCEER

Table 2 Effect of temperature and kind of acid
on the COD values

Sample H3;PO4t 200°C-SPA 250°C-SPA 300 °C-SPA
Pond sediment 18.0 18.1 18.8 19.0
Sewage sludge 51.3 53.2 54.3 54.6
Na-acetate
(Theoretical ) 2.3, 4.4 12, 12 21, 20 42, 36

value=58.8
Stearic acid
14, 18 44, 40 73, 65 194, 146

(e

Sample taken : 2meq as iodate consumed, KIOj; used : 5 meq;

T Phosphoric acid (85.0 %)
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LAY 2 v EBCESCOMINLYWENEETD
HTEETRBLTWES, WThRLTh a2 vERC LS
D IRB A D B TodICiY 300°C B ) vERD(E FEMEE
Ly, SAMRERRCC &, ZOBOERICKIT S
BRE I B RER D S O TEHAEL Tt 250
°Coiy) vBEERTAZ LT L.

4.4 EK|IREER L COD

250°C /Y VAR =2 v EME H Y v A S5meq
W, Fa—RA, iwvw—RA, ROTKEROLER
> CHfEL, BHRREDFE R, KR Table
SwRT XA, ALz vHEE Smeq XL, W
ThoRK bz ica v EBROKTINHEEIhDEE
DRKETH - THERETL, DD VIXIZIE—ED
COD @3 bhTuws., HHCEL UL ety Bk
L, 2 UEEE Smeq XL 2 vEBREEEN 3meq F
TRAST2ABFRESAFHMLTH S & Bbhs.

Table 3 Relation between sample taken and iodate

consumed using 5 meq potassium iodate
and 250 °C-SPA

Iodate consumed

Sample Stler:ge (qu) ?F?;L(:ld(//’) ( COD
(mg) Theoretical Found theoretical) mea/g)
Glucose 18.7 2.49 2.47 99.2
30.1 4.01 3.97 99.0
36.1 4.81 4.74 98.5
37.4 4.99 4.89 98.0
Cellulose 16.4 2.43 2.42 99.6
19.2 2.84 2.81 98.9
28.9 4.28 4.19 97.9
32.4 4.80 4.70 97.9
Sewage sludge 45.4 2.67 58.8
65.0 3.85 59.2
73.0 4,28 58.6
83.1 4.76 57.3
84.9 4.90 57.7
av. 58.3:+0.8

4¢5 KD COD JEHR

LTAEFE, EERCLE (110°C 4 BEREE&EY)
o COD % 30 #IETHE LickE%L Table 4 1oR
3. COD {HOKRZVIAMTIIFOBRIENVE LTS
DT REID BH—MC TR BT 52, KOME k-
T COD f# (11.6~163) meq/g 1=-o\CHIX ELHE(R 2
(n=5) 23 3% LINTRHEILAETHZ ENTEL.
7ok, HWICERIEEEZR (NIES No. 2) ThH5.
CHLDOUEMBICOWTER TS, ZONBENRE
HREEH DN, BT L EENCEBELTLES
BEBNTHDHZ L, —F, BEORBTIIERYI T
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Table 4 COD values for sludge, sediment and
soils dryed at 110 °C

Taken COD R.S.D. (%)

Sample (® (mea/g)  (n=5)
Sewage sludge-1 0.02 163.0 1.5
7 7o -2 0.06 58.4 2.1
Sludge from water works 0.2 13.3 3.0
Pond sedimentt 0.1 18.8 2.1
Soil-1 0.1 19.3 2.6
7 -2 0.2 11.6 2.6

t NIES-2 certified reference material; R. S. D. : Relative

standard deviation

BB B OHE» DR > TE D, LosdblomsE
EFRICHBEL LU THAEL 2 v R ERIE LT VIRE
CHBHEIENDELT, HRREDERBI IS
mEhs, #£-C, ABELCI-THELLSE COD {Hiz
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EHCRTID0EELS., kLD COD {(HiTidfE
W7 ve=v alE08REY N, UIBomic N,O K,
B EERCBRILT 5 0CETIBEERIG TN S,
XERUEREBLEDRORERBRSES FILElic L
HOBUEMHECISADRYZETELIO L BEbhHh
5. LaL, BEORKMTRIALOEERIIAL,
#-T, HRER XS COD fHiLiGRE BERANOR
BOREEL L THERBRTHD, ToRBEIL2L O L& 2
%. FBHDIXZ OFETENAS P KIT S HROEE
MEDOELXG | EHEHWERTH 5.
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Determination of chemical oxygen demand of
sludge by means of strong phosphoric acid-iodate
decomposition method. Akira IsuiMmaru and Katsu
Tanaka (Industrial Research Institute of Kanagawa
Prefecture, 3173, Showa-machi, Kanazawa-ku, Yoko-
hama-shi, Kanagawa)

A method is proposed to determine the chemical
oxygen demand(COD) of sludge, sediment, and soil.
It is based on the following reactions of the organic
substance with iodate: IO, +46H*t-5e—(1/2)I,+
3H,O and C;H,,0,—kCO,-+ {4k—(2n—m)}e. Weigh
a sample(~3 meq as oxygen consumed) and put it
into a tall beaker (50 ml). To this add 5 meq of
KI1O; weighed accurately and 10 ml of strong phos-
phoric acid prepared by heating H,PO, (85.0 95) up
to 250°C. Mix intimately these reagents with the
sample and heat the mixture on a hot plate (350°C).
When the liberation of iodine sets in, stir the contents
of the tall beaker and continue the heating till the
temperature of the solution reaches 250°C. Transfer
the syrupy solution to a beaker, boil to expel all of
iodine liberated and make the volume 150 ml with
water. Determine the excess iodate by iodometry
using 0.2 M thiosulfate solution and calculate the COD
values as follows: COD(meq/g)=a(l-g/p)[S, where
a: KIO;z(meq) used, p: volume of 0.2 M thiosulfate
solution(ml) equivalent to KIO; used, ¢: volume of
0.2 M thiosulfate solution(ml) required in the above
titration, and §: weight of sample taken(g). Oxalic—,
citric—, and tartaric acids, and saccharides react quan-
titatively with iodate and also many other compounds
examined react nearly quantitatively with iodate.
COD values of sludge, sediment, and soil are deter-
mined with (2~3) 9, standard deviation for 10 meq/
g to 160 meq/g of COD. The values obtained by
the present method include the oxygen consumed
for oxidizing -NH, to N, (or N,O), and chloride to
chlorine. Acetates, benzene derivatives, fatty acids,
and high polymers result in the slightly lower COD
values than the actual values, because they are volatile
or decompose only slightly.

(Received Aug. 28, 1982)
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chemical oxygen demand of sludge, sediment, and
soil; strong phosphoric acid-iodate decomposition.
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