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SUMMARY 

Optimal conditions for using high-performance liquid chromatography (HPLC) 

in the size exclusion mode have been determined for measuring the molecular- 
weight (MW) distribution of chitosan samples. Physical separation according to molec- 
ular size was accomplished on the stationary phase of glass supports having con- 
trolkd pore sixes ranging fronT 2500 to 40 A. Selection of column combinations was 
based on the requirements to resolve the higher MW fraction of chitosan and to give 
a linear calibration curve within the required MW range. The best combination of 

glass pore sizes and column lengths in two foot sections joined sequentially was: 
2500 A (2 ft.), 1500 A (4 ft.), 550 A (6 ft_), 250 A (2 ft.), ICI0 A (2 ft.), and 40 A (2 ft.). 

A loading study showed that an injection load of 500 ,ug, Le. LOO 1~1 at 5 g/l or 
504 at 10 g/i (w/v), was the optimal load to give reproducible elution volumes, 
precision in quantitation, and minimum viscositqr efkcts. 

The best calibration curve using defined dextran standards was obtained from 
the geometric mean of n;f, (weight average MW) and H= (number average MW) 
values and peak elution volumes. Precision in determining MW distributions of chito- 
sari as well as dextran standards was better than 5% relative standard deviation, and 
the differences between these results and the manufacturer’s data on the dextran 
standards were 6 to -17%. 

The MW distribution of a selected chitosan sample in 2% acetic acid thus 
determined was Icl, = 2,055,CKlC4 M;, = 936,U@O, dispersity = 2.16, and the most 
abundant species was around 1,103,OOO. Analysis time for the HPLC separation was 
less than 20 mm per sample. 

Chitosan is an effective coagulating agent for the treatment of food processing 
wastes and activated sludge from biological treatment systems. It is manufactured 
from chitin in shrimp and crab wastes. The rapid methods developed here for deter- 
mining the MW distribution of chitosan preparations will be used to optimize the 
manufacturing process and guide the selection of more efkctive chitosan products. 
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INTRODUtiION 

Chitosan has been shown to be an eflizctive coagulating agent for treatment of 
food processing waste effhrents from vegetable, pouihy, and egg breaking planf~~-~ 
and for conditioning of activated sludge produced from bioIogical treatment of wastesq. 
Chitosan is the common name given to a class of carbohydrate polymers manufac- 
tured from chitin in shrimp and crab wastes. Protein and minera1 components are 
extracted from these seafood processing wastes with dilute alkali and acid, respec- 
tively, leaving a chitinous residue. Chitin (poly-N-acctyl glucosamine) is converted 
to chitosan by deacetylation in hot concentrated alkali. This hydrolysis step removes 
some or all of the acetyl groups from chitin liberating ammo groups which impart 
a polycationic nature to the chitosan product. The chitosan preparation consists of 
a mixture of different poIymer sizes. The range of sizes or polydispersity of the molec- 
ular weight distribution is influenced by variables such as time, temperature, concen- 
-mtion, and atmospheric conditions employed in the deacetyiation reaction. Thus 
chitosan products can have different characteristics of acetyl content, viscosity, mo- 
lecular weight distribution, and performance as waste treatment agents. 

The MW of a polymeric coagulating agent has been considered to be one of the 
most important characteristics affecting functionality of the polymer. It was shown that 
the optimal dosage of a synthetic cationic polymer, poly (diallyl dimethyl ammonium 
chloride), corresponded to the fraction with the optimal number average molecular 
weight’. 

The objective of this study was to develop a rapid method for determining the 
MW distribution of chitosan samples by high-performance liquid chromatography 
(HPLC). Porous glass supports coated with glycerol and having different controlled 
pore sizes were used to achieve the separation of moiecuIes according to size. 

EXPERIMENTAL 

Dextran standards used (T-series) were obtained from Pharmacia (Piscatawayl 
NJ., U.S.A.) and ranged in molecular weights from 10,000 (T-10) to 2,000,ooO 
(T-2000) with defined weight average MWs (3TX,j and number average MWs (Ba) 
obtained from light scattering and Sephadex gel filtration methods. respectively, for 
ah except T-2000. Chitosan, batch 4-74, was supplied by Food, Chemical and Research 
Labs. (Seattle, Wash., U.S.A.). This is the same batch of chitosan employed in a 
previous study on coagulation of activated sIudges produced by biological treatment 
on food processing wastes’. Chitosan was ground in a Wiley mill to pass a 20-mesh 
screen before use. Packing materials for HPLC columns were Corning*s controlled 
pore glass supports having a covalently bonded glycerol coating (Glycophase-G/ 
CPG) to inactivate free silicic acid groups on the surface of the glass particles. Glyco- 
phase-G/CPG supports were ptnThased from Pierce (Rockford, Ill., U.S.A.) except 
for the 2500 A material which was supphed by Corning Glass (Medfield, Mass., 
U.S.A.). Pore sizes included 40,100,250,550, 1500 and 2500 A. The particle size of 
all the glass packing materials was 37-74 i&m (20&#430 mesh)). Components purchased 
from Waters Assoc. @iilford, Mass., U.S.A.) included: an aqueous sample clarifi- 
cation kit, stainless steel columns (I/S in. O.D. x 2 ft., with 5 pm sintered discs in 



end caps), Series ALC/GPC-244 HPkC system with M 44 ultraviolet (UV) detector, 
R-401 refractive index (RI) detector, M 6000 A solvent delivery system, and U6K 
Septumless sample injector. 

An GmniScribe recorder (Houston Instrument, Austin, Texas, U.S.A.) and 
an Autolab Minigrator (Spectra Physics, Santa Clara, Calif., U.S.A.) were used for 
recording and integrating the chromatograms. A compact computer, Compucorp 
Alpha 325 Scientist (Compucorp, Los Ange!es, Calif, U.S.A.), was used for calcu- 
lating MW distribution values. 

Treatment of rnaferinis 

All samples or standards were first dissolved in 2 % reagent grade acetic acid and 
filtered through an aqueous sample clarification kit with MF-Millipore filter (pore 
size 0.45pm). Chitosan samples were pre-filtered through a Gelnan glass fiber 
filter (Type E) before passing through the Millipore filter kit .Glycophase-G/CPG 
was pretreated as follows: each bottle of porous glass (about 30 ml) was washed with 
300 ml of tetrahydrofuran by shaking in a 500-ml erlenmeyer flask for 1 min, allowed 
to settle for 15 min and the supematant decanted; 300 ml of distihed water was added, 
shaken and the water layer again decanted_ The procedure was repeated a third time 
with another 300 ml of tetrahydrofuran. After decanting the supematant, the slurry 
was dried in an oven overnight at 70”. 

The manufacturers procedures for operating the HPLC were followed. Solvent 
flow-rate was 1 ml/min unless otherwise specified. Acetic acid (2 y;) was used as eluent 
in the solvent delivery system. The recorder speed was set at 1 cm/min. The Autolab 
Minigrator was in the ‘%imu!ated distiliation mode” in order to obtain peak heights 
at IO-set intervals. Data from the RI detector were used to determine elution volumes 
and molecular weight distributions in this study. The UV detector was used to assist 
in measuring the separation of different chitosan components. A 254-nm filter was 
used in the UV light source with the UV sensitivity set at 0.05 a.u.f.s. The RI attenu- 
ation was set at 2 x to 32 x depending on the sample load with the preferred setting 
at 3 x or greater to minimize signal noise. A IOO-,ul syringe was used for 50-100 ~1 
injections; injection of other sizes were made with a X-,4 and l-ml syringes. Sections 
of 0.009 in. I.D. tubing were used for connecting different columns. The most suitable 
injection size for dextran standards was determined to be 50@ at 5 g/l. The optimal 
injection load of chitosan sampIe was studied by comparing the elution volume of 
the major chitosan component (peak) at various concentrations (O-625-30 g/l) and 
injection vohtmes. Columns were daily preconditioned by injecting 2 mg total load 
(Le., two injections cf lOO~t1 at 10 g/l concentration) of chitosan in order to de- 
activate any residual active sites present in Glycophase-G/CPG. 

Cdibratfon of the molecrcior weight distribzttion 

The calibration curves of dextran standards were plotted based on the peak 
elution volumes of standards vs. the logarithms of the weight average, In I@,,: arith- 
metic average of 1M, and a=. In ([IM,,, i- M&2); or the geometric average (In M, t 
In &?J/2 of each standard. An equation describing the linear region of the calibration 
curves is given as In (Ml) = a t b- V, (where &fs = MW of species i, V, = elution 



volume). me intercept value, (2, and dope value, b, were calculated from the !&ear 
regression equation describing the best fit of the eh&ion voiumes of staudards treated 
as unknowns. The MWs of the chitosan samples used in this study were assumed to 
be within the iinear ~zuqpz of the calibration CU-Y~, because the 25# A column would 
extend the void volume to correspond to MW v&es of appiOGmakly 40 miltisn6~7. 
A void volume marker in this range was not available. With the sfope and intercept 
of the calibration curves, and with the heights taken at tied IO-set intends by the 
Minigrater, the -33, and HE of each sample could be calculated from different elution 
volumes. 

The equations for calculating ~53, and H, an as follows: 

Since hi = k-V/, = k-NC-M, 

8’ = z((Ni-Mi) = k2Thi .?zhi 
n ZNi k Z (hi/Mi) = ‘z (h,/~tl 

thus 

where ML = exp (B t b - Y,), Iti is the height at each IO-set interval of the c~omato- 
parn peak, Wi represents the total weight of that species, k the constant of the signal 
and represents the reIationship between the signal height and actual weight, and Ni 
the number of molecules. 

In using the calibration curve to estimate chitosan MWs based OR the dextran 
standards, MW-MW correlations were used rather than size-size correlations, be- 
cause the calibration factors (Q, MW units per A) for the dextran standards as well 
as-chitosan were not available. It was assumed that the calibration factors for dextran 
standards and chitosan were approximately equal because of their similarity in struc- 
ture and the diBerence between them was within the range of precision obtainable by 
HPLC determination of MW distribution_ 

RESULT-S AND DISCUSSION 

Seiection of optimal colun~n combinariorrs 
As indicated by preliminary studies, the sample of chitosan under examination 

had an MW ranging from the region of T-10 (lO,osO) to greater than T-2ooO (2,GC!Q,OOO). 
Thus, a caIibration curve having linearity in this range was required. Since molecular 
size exclusion was the separation mode used in this study, the column length and pore 
sizes of the packing materials were the primary factors to be manipulated. The e& 
ciency of different cohmm combinations was studied in terms of the-linearity ofdextran 
staridard curves as weI1 as the separation of different MW components in the chitosan 
sample. From the study shown in Fi g. I some relationships between the dextran stan- 
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Fig. 1. Calibration ewes based on the geometric averages of &fw and A%,, values of dextran standards 
vs. their peak HPLC elution volumes with different column combinations; (A) 04-4-2-2-0, (B) 
O-4-4-2-2-2, (C) 4-2-2-2-2-2, (D) 2-44-2-2-2, (5) 4-242-2-2, (F) 2-2-2-2, (G) @-6-G2-2-2, 
and (H) 444-2-2-2. Code numbers represent length of columns (ft.) in the order of 2500,1500,550, 
250, 100, and 40 A. O&er conditions included: solvent, 2% acetic acid; columns, l/8 in. 0-D.; flow- 
rate. 1 ml;min; temperature, ambient; standards, dextran T-10, T40, T-70, T-150, T-250, and T-500, 
and glucosamine (5 g/l). 

dards and pore sizes were obtained. First, by adding a 2-ft. length of column contain- 
ing the 40-A glass packing material, the linear region of the curve was extended from 
a MW value of 30,000 (curve A) to lO,OUO (curve B) and the slope was decreased_ 
Second, the presence of huger pore size materials (curves C-H) led to greater elution 
volumes, increased the void volume, and extended Iinearity toward higher MW values 
wkick was desirable in this study. The slope of curve F was less than for other curves 
in the series C-H. Thus, this combination of column lengths (ft.), 2-4-6-2-2-2, of 
2500, 1500, 550,250, 200, and 40 A porous glass supports gave the broadest working 
range for separation of different MW components of chitosan. 

The separation of chitosan in 2% acetic acid was also studied under different 
column combinations. The resuhs are shown in Fi g. 2 as line drawings indicating the 
position of peak elution volumes of usual chitosan components. Chitosan could -be 
separated into three regions with three p&&s, P-I, P-II, and P-III (Fig_ 3) The one 
eluting Grst, P-E, had an approximate MW of 10 million; its amount was small com- 
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Fig. 2. Comparison of the efiiciency of HPLC with dize’erent colt combinations for separating 
difTerent MW components in 2 chitosan solution. Cohunn lengths were coded as indicated in Fig. 1 
and each line rep-r& the location on the EXPLC chrornatom of RI pezks and the segaration 
between peaks is indicated (ml). 

pared with other fractions, but it had a very strong UV (254 nm) absorption. This UV 
peak was used, in addition to the RI peaks, for comparing the separation of P-I and 
P-II. Approximately 90% of the total area under the curve was contained in the P-II 
fraction. A negative peak, P-III, having a refractive index less than that of the 2% 
acetic acid solvent, eluted in the region of total elution volume (V,). Since fractions 
around P-I and the heavier side of the P-11 regions (with Mw greater than l,lOO,&N 
as shown later) were considered to be the main components that a!&cted the viscosi- 
ties and perhaps the coagulation effectiveness of diEerent products, high resolution 
in this region and better separation of P-ID fraction from this region were ffie primary 
criteria for selecting the optimum cohrmn combination. Components in the P-III 
region were considered to have WWs less than 10,WO and were not significant in this 
study. Without the 2500-A column and with 2-4 ft. of 15~A column as shown in 
lines l-5 of Fig. 2, P-I was mixed with P-II. Adding the 2500-A column, using 6 ft. 
of 150~A column, or various combinations of 1500- and 25QGA columns gave sepa- 
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Fig. 3. Refractive index responsecurves illustrating elation patterns zmd MW distribution ofdextran 
st~~~dards and chitosan fractionated by HPLC with column combination F (2-2-Z-2). 

ration of P-1 and P-II as shown in lines 6-17. When the 2500-~% or the 1X&%L coluxnns 
were lengthened, P-P and P-11 were separated better than when the 550-A column was 
len_&ened (lines 1 I, 12 and 13; or lines 14 and 15). The CSXI-A column showed a bene- 
ficial effect on separating P-II and P-III (observed among lines 11 to 13, or between 
16 and 17). It was concluded that the 2500-A and the 1500-A columns were efkient 
in separating the fraction with MW larger than P-II (dich was about 1,100,000 after 

TABLE I 

EFFECT OF CHITOSAN LOAD ON COLUMN EFFICIENCY (N) 
Exp&men+al ccnditions are described in the text. V, = efution volume (peak II is the major peak of 
cbitosan); N = 16 (VJwidtb)‘; run = peak is too small to be measured. 

Concentration 

(ii=iU 

Fbed iztjectfoon size (&Erent concenfratiors) 
lOCKI 100 10.0 
750 100 7.5 
.500 Iflo 5.0 
250 100 2.5 
I25 100 1.25 
62.5 la0 0.625 

Fixed cmzetirration (diflerertt injection &es) 
2320 22ao IO.0 

IO00 100 10.0 
500 50. 10.0 
250 25 10.0 
125 12.5 10.0 
100 10 10.0 
50 5 10.0 

16x 11.85 4.0 140.4 
16X 11.55 3.8 147.8 
16x 11.30 3.6 157.6 
8X 10.75 3.5 150.9 
4x 10.65 3.2 177.2 
2x 10.55 3.2 173.9 

32x (overloaded) 
16x 11.70 3.7 
8x 11.20 3.5 
8X 10.75 3.2 
4x 10.60 2.6 
4x 10.60 2.3 
2x 10.60 nm 

160.0 
163.8 
180.6 
256.9 
339X 
- 
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calibr2tion w%i dextran standards rater I’n th& study). The cohmms w&h pore .&es 
of 550 A and smaller were ef%ctive in separating fractions between P-If 2nd P-BI 
(which were below ~l,lCQ,O00). Therefore, the combination 2-4-6-2-2-2 (F, Fig. 1) 
was considered 2s optima! for characterization of chitosan components. The total 
cohnnn length was 18 ft. which created a back pressure of around 3ooO p.s.i_ at f 

rd/min flow-rate. The chromatograms (RI response curves) of dextran standards and 
chitosan ob’tiined with this optimal column combination are shown in Fig. 3. The i 
shape of the curves for Dextrans T-IO, 40,70,l50,250, and 500 2ppi_oximates gauss- 

ian distributions. The curve obtained for T-2CK30 cleariy shows it contains a wide dis- 
tribution of MW components and no one predominant species. The polydispersity of 
each standard as well 2s cbitosan was shown in the Ggurc No corrections for band 
broadening due to diffusion have been made in this study. 

Loading study 
A loading study was conducted by varying the concentration or the injection 

size (Table I), or both but with the total load fixed (Table II). Extremely viscous so- 
lutions would be expected to cause band broadening and higher elution volumes dur- 
ing HPLC due to drag forces along the imer walls of the If%in. columns. Viscosity 
effects were considered to be eliminated when elution volumes of the peaks became 
constant as was observed at 2 concentration of 1.25-g//1 and 100-,A injections or with 

‘i-ABLE II 
EFECiI OF CHITOSAN CONCENTRATION AND INJECTION SIZE ON COLUMN 
!ZFFXiENCY (IV) 
E<perimenti conditions are described in tie text. N = 16 {Ye/width)‘. Measurements l-14 (Wobeer 
3Oth, 1975) are single ruirs, 1%i9 (October 31st, 1975) the resuks of 4 replications. 

Measurement Total Concenfralion Znjection Peak ZZ 
NO. ioad 

(Pd 
(Al) 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

250 
250 
250 
250 
250 
250 
250 

%?O 
500 
500 
500 
SC0 
500 

250 
250 
500 
So@ 

loo0 

0.625 400 
1.25 200 
2.5 100 
5.0 50 

10.0 25 
20.0 12.5 
30.0 8.33 

0.625 800 
I.25 430 
2.5 200 
5.0 100 

10.0 50 
20.0 25 
30.0 16.7 

5.0 
10.0 
5.0 

10.0 
10.0 

50 
25 

l&II 

10.85 
IO.85 
10.85 
10.80 
10.85 
11.05 
11.15 

11.25 
Il.15 
Ll.10 
11.15 
11.10 
il.25 
12.30 

Il.OQ 
ll.Oi 
11.58 
11.63 
lL.99 

3.4 
3.6 
3.6 
3.4 
3.6 
3.7 
3.8 

- 

145.3 
161.4 
149.5 
142.7 
137.8 

3.9 
3.9 
3.6 
3.6 
3.7 
3.8 
4.0 

- 
- 
152.1 
153.5 
144.0 
140.2 
151.3 

3.8 134.1 
39 127-5 
42 121.6 
4.25 119.8 
4.58 Lo9.7 
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IO-g/l and J2.5-~1 injection. These results suggested a total load of 125 pg should be 
used. Tables fand 11 also show that the efhciency, N, increased as the toA& load de- 
creased. However, the sensitivity settings of4 or 2 x required for detection at loadings 
below 250 ,kg resulted in excessive noise in the detector output. A smooth strong signal 
was desired for measurement of signal heights and calculation of MW distribution. 
A stronger signal was obtained by injecting a sample load of 500,~g than when a 
250~pg load was used. 

At total loadings of 250 and 500 pg (Table II), viscosity effects were observed 
to result in increased elution vohrmes and peak widths when the concentration ex- 
ceeded 10 g/L At a total load of 5(30~~, Q the injections with concentrations of 10 g/1 
or less gave constant elution volumes even though the viscosity effect was present as 
indicated before. These results suggested that there was a margmal viscosity effect 
with injections of 100 ,ul with 5 g/l or 50 ,uI with 10 g/l, yet, the results were reproduc- 
ible; furthermore, this total load gave a stronger RI signal with less system noise pro- 
viding a more precise quantitation of the MW distribution than the total load of 
250 pg. Therefore, the optimal total load was considered to be 500 pg at the concen- 
trations of 5 or 10 g/L 

Calibra~iorz ctcrves and calculation of molecular-weight distribution 

The dextran standards obtained for this study were not homogeneous samples. 
Each of these standards contained molecules of a range of MWs with defined n;f, 

Efotian Vahme (mu 

Fig. 4. Calibration curves based on the elution volumes at RI peaks ofdextran standards ehted by 
HPLC with cohnn combination F (Fig. I) vs. values of (I) In H,., (01, (2) in [(&?8w i &&))/2] (A), (3) 
@1ci;yi Ia n;r3/2 (.!Q, or (4) @I f& @3}, obtained from M, and M. values of dextran standards 
given by Phannacia. 



and M, values given by Pharmacia. Thus, several calibration curves could be ptotted 
differently from these standards as shown in Fi g. 4 based on elution volumes of peaks 
and their various MW,vaIues. In order to choose the best calibration curve, four cali- 
bration curves: (1) V, vs. ln_1M,, (2) V, v.s_ In_f(AZ, + JZJ21, ffie logarithm of a&h- 
metic mean, (3) V, VS. (In M, + in M,J/2, the geometric mean, and (4) V. VS. In AZ,, 
were fitted with linear regression, and used for calculating AZ,,, and hT, values of severazl 
dextran standards considered as if they were unknowns. Among these curves, the curve 
in the higher position in Fig. 4 tended to give higher_ estimations of h4Ws than the 
lower curves. Theoretically, the curve (open triangles in Fig. 4) based on the geometric 
means shouId give the closest estimations to the defined AT, and AT, values since M;, 
and M,, fall on either side of the crest of a chromatogram peak with a gaussian distri- 
bution so that the elution volume at the peak should correspond to the geometric 
mean of its AT, and AT, on the semilogarithmic plot better than other parameters. 
Dextran I-2CXlO was not used in the calibration study because of its non-gaussian 
dispersity as shown by results in Fig. 3 (and Table III)_ 

In Fig. 5, the estimated ;C;r, and L’Z~ values (with open circles) based on the 
In M, curve in Fig. 4 were all much higher than Pharmacia’s values shown as a solid 
line for their AZ,,, values and as a dashed line for their H,, vaIues. The estimated M, 
and i@, values based on the In AZ,, curve in Fig. 4 were not shown in Fig. 5, because 
they were all below Pharmacia’s values and kept out of the @me for the sake of 
clarity. The AT, and AZ,, values estimated by the calibration curve (Fig. 4) based upon 
geometric means, shown as open triangies in Fig. 5, were observed to be closest to the 

TABLE III 

MOLECULAR WEIGHT DISTRIBUTION OF DEXTRAN STANDARDS DETERMINED 
BY HPLC 

& IVP is the geometric average MW: exp [(ln J%$~ f ln A&)/2]. d&Zw, AM., APe=zk = oA deviations 
from Pharmacia’s data. Data in parentheses are given by Pharmacia. Determinztions based on the 
standard curve fitted by linear regression as: In A& = (z + b- V,, where P = 23.9215, b = -0.0131, 
V, is in one sixtieth of a ml (or seconds under 1 ml/mm flow rate), and _%.& is the A& BYE of ezch 
strmdard. D (dispersity) = ,g,./@,_ 

Dextran B, Ma D n, a=3 Peck A&& A Peak 
x 10-a x 10-s x 10-S MW x 10-s (%I 

T__ - - - - mw’ 
832.1 184.4 4.51 

(33a.7) 

1335’ - - - 

T-500 (516) (212) (3.43) (330.7) 
482.S 199.4 2.42 310.3 350.9 -6.4 -5.9 6.1 

T-250 (253) (112) (2.26) (168.7) (168-7) 
224.5 108.1 2.08 155.8 156.8 -11.3 -3.5 -7.1 

T-150 (141) (86) (1.641 (110.2) (110.2) 
131.2 71.3 1.84 96.7 116.8 -7.1 --17-l 6.0 

T-70 (70.0) (425) (1.65) (54-6) (4.6) 

69.2 (z!& 1.70 53-O 57-l -1.1 -4.5 4.6 
T-40 (44.9) (i-62) {35.3) (35.3) 

39.7 24.9 1.59 31.4 -6.2 -12.2 -10.4 2.5 

* The chromatom of T-2OQO was not a normal distribution curve; thus, the highest point of 
the curve was taken as the peak. 
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Fig. 5. Comparison of J%,+, uld I%* values of five dextran standards calculated from: (i) the calibra- 
tion curve (no. 1, Fig 4) based on the logarithm of h?T, vs. V, (O), (2) the calibration curve (no. 2, 
Fig. 4) bass on the logarithm of arithmetic average of M, and i@, vs. V, (A), and (3) the czlibration 
curve (no. 3, Fig_ 4) brtsed on the geometric avewge of Mw and li;i, vs. V, (A), and compzred to the 
AV, (e-e) and mE (M) values of t&se stcndards given by Pharmaciz. 

values given by Pharmacia. The AZ, and &ZR values calculated from this calibration 
curve (open triangles) are compared mathematically with Pharmacia’s data in Table 
III. Both H, and Its, values were about 10 % different from Pharmacia’s data, except 
&Z,, for T-l 50 which was 17 % lower. Ail peak MWs were within 10 % of Pharmacia’s 
data. The same type of mathematical comparison was also done on the estimation 
based on the arithmetic mean and it showed the deviations were greater than those 
from the geometric mean. One should notice from Figs. 4 and 5 that a slight difference 
in the calibration curve (such as with arithmetic or geometric means) would bring 
about a pronounced difference in the prediction of AZ= and H,. When the curve in 
Fig. 4 which was based on arithmetic means was used as the calibration curve, lQl, 
and I@m values were overestimated_ When the curve which was based’on the geometric 
means was used as the calibration curve, Bw and iz;r values were underestimated, 
yet closer to Pharmacia’s data. One can even improve the estimation by seeking a cali- 
bration curve falling between lines of the arithmetic and the geometric mean (by doing 
this, kss than 5% deviation from Pharmacia’s data has been achieved). However, 
for practiicaf purposes, the geometric mean of Bw and 55, is a reproducible parameter 
and gives enough accuracy, especially when the reproducibility of the experiment 
shows acceptable precision (Table IV). 

Using the calibration curve based upon the geometric mean of n,,, and n, 
values of seven dextran standards vs. their peak elution volumes (Fig. 4), the MW 
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TABLE JX 

REPRQDUCIBILFTY CF HPLC LN DETERMXNENG THE MOLECULAR-WEEGHT DES- 
TRIBUTIONS 
D (dispersity) = m,/ii&; S.D. = standard deviation; oA error = relative standard dwiation. 

chitosan (4-74) 
(4 replications) 

Dextnn T-250 
(3 replications) 

Dextran T-40 
(3 replications) 

MvLean ii03 205.5 936 2.16 
S.D. 22.2 27.7 23.3 p.03 1 
oA Error 2.01 1.34 2.48 1.43 

Mean 156.8 225.2 114.3 1.97 
S-D. 0.0 1.65 5.38 0.095 
oA JZrror 0.0 0.73 4.70 4.82 

MGBl 36.3 46.0 25.5 1.81 
S.D. 0.3 0.57 0.69 0.05 
% Error 0.82 1.23 2.70 2.74 

distribution of chitosan shown in Table iV was I@, 2,05S,OOO, IG;, 936,OQO, dispersity 
2.16, and the MW of the highest peak corresponding to the most abundant species was 
1,103,OOO. Since these data were based on the MW of dextrans, a calibration factor 
for dex’tran, Q factof3, or the relationship between Q factors for dextran and chitosan 
is needed in order to obtain the true MW of chitosan. For this purpose, X-ray dif- 
fraction and uhracentrifugation studies are being conducted. However, for the pur- 
pose of comparing different chitosan samples, the calculation without the correction 
for the difference in Q factors was assumed to be adequate. 

As shown in Table IV, the precision (% errors) for estimating the peak MW, 
B,, h?=, and dispersity of the chitosan solution were 2.01, 1.34, 2.48, and 1.43, 
respectively. The V’ at peak of the chromatogram obtained for dextran T-250 was 
repeatably at 15.2 ml which corresponded to a peak MW of 156,800_ Percent errors 
for estimating the peak MW, Bw, Bm, and dispersity of dextrap T-250 were 0.0, 
O-73,4.70, and 4.82, respectively. The V, of dextran T-40 was at 16% ml which corre- 
sponded to a peak MW of 36,3OtI Percent errors for estimating the peak MW, lu,, 
ax, and dispersity of dextmn T-40 were 0.82, 1.23, 2.70, and 2.76, respectively. The 
somces of error included (1) the base line drift of the RI detector, (2) the performance 
of the injector, the pump unit, and cohmms, (3) the precision in determining the cali- 
bration curve, (4) the injection size, and (5) the unZtbrmity of the sample soh~tion. 
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