
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

Branching and Functionality of Lignin Molecules
F. Plaab; J. F. Yanc

a Dept. of Chemical Engineering, University of Washington, Seattle, Washington, U.S.A. b Laboratoire
de Chimie Papetiere Ecole Francaise de Papeterie, Domaine Universitaire - BP65, Saint Martin d'Heres,
France c Weyerhaeuser Technology Center Weyerhaeuser Company, Tacoma, Washington, U.S.A.

To cite this Article Pla, F. and Yan, J. F.(1984) 'Branching and Functionality of Lignin Molecules', Journal of Wood
Chemistry and Technology, 4: 3, 285 — 299
To link to this Article: DOI: 10.1080/02773818408070649
URL: http://dx.doi.org/10.1080/02773818408070649

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818408070649
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 4(3), 285-299 (1984) 

BRANCHING AND FUNCTIONALITY OF 

LIGNIN MOLECULES* 

F. P la 
Dept. o f  Chemical Engineering 
Un ivers i ty  o f  Washington 
Seatt le, Washington 98195 
U.S.A. 38402 Saint Mar t in  d'Heres 

Laboratoire de Chimie Papetieret 
Ecole Francaise de Papeterie 
Domaine Un ivers i ta i re  - BP65 

France 

and 

J. F. Yan 
Weyerhaeuser Technology Center 

Weyerhaeuser Company . 
Tacoma, Washington 98477 

U.S.A. 

ABSTRACT 

Two models o f  l i g n i n  s t ructure are compared and discussed w i th  
respect t o  experimentally measured molecular weight data. The 
model o f  polycondensation o f  f - func t iona l  monomers appears t o  g ive 
incorrect  resul ts .  A generalized model i s  presented based upon the  
concept of a crossl inked polymer formed w i th  randomly d i s t r i bu ted  
pre-polymers. Molecular weight data support a te t ra func t iona l  

*Dedicated t o  Professor J. L. McCarthy on h i s  70th birthday. 
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286 PLA AND YAN 

branch po in t  i n  the l i g n i n  preparation studied. However, 
viscometry data do not support a te t ra func t iona l  o r  t r i f u n c t i o n a l  
functional1 ty. Number- and weight-average DP measurements g ive 
important information concerning the charac ter is t i cs  o f  degraded 
1 i gni n f ract ions.  

INTRODUCTION 

Because i t s  consti tuent phenylpropane (C9) un i t s  are 
polyfunctional, l i g n i n  ex is ts  as a branched polymer. The 
i n s o l u b i l i t y  o f  na t ive  l i g n i n  suggests tha t  it i s  i n  a ge l led state. 
Recently the authors have made several attempts t o  quant i f y  l i g n i n  
s t ructure and reactions based on the avai lab le branching theory1-’. 
I r on i c  i n  the development o f  t h i s  9nacromolecular chemistry o f  
l i g n i n ”  i s  the f a c t  that, whi le  d e l i g n i f i c a t i o n  and l i g n i n  
u t i l i z a t i o n  are o f  high p rac t i ca l  importance, the e luc idat ion o f  
i t s  polymeric s t ructure requires an abstract theory. 

This paper i s  a fur ther  attempt t o  develop the theory o f  chain 
branching i n  l ign in .  It w i l l  be demonstrated that, once the  basic 
molecular parameters are properly established, t h e i r  evaluation can 
be read i l y  carr ied out. 

THEORY 

Most o f  the groundwork f o r  branching theory was developed long 
Branched, o r  non-linear, molecules ago by F lo ry  8 and Stockmayer’. 

can be b u i l t  up randomly by using one o f  the fo l low ing  models. 

Po lycondensati on 

The polymerization tha t  leads t o  ge lat ion i s  the  s e l f -  
condensation of Af type monomers, where f i s  the func t iona l i t y .  
Theoretical development i n  greater de ta i l  can be found i n  the  
o r ig ina l  p u b l i c a t i ~ n s ~ ~ ~ ,  but the fo l lowing expressions f o r  number- 
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LIGNIN MOLECULES 287 

average (Z,) and weight-average (Z,) degrees of polymerization (DP) 
are of considerable importance: 

where a is the fraction of functional groups that have reacted. All 
these properties refer to the sol (soluble) fraction of the 
branched polymer (see the Appendix for the list of symbols used in 
this paper). 

Crosslinking 

By randomizing the functionality, f, the result is a 
crosslinked polymerlo formed by pre-polymers with the number- 
average DP = pn, and the weight-average DP = jw. The averages for 
the crosslinked polymer are8: 

In this case, p is the crosslinking density, and each linear y-mer 
has y functional groups capable of crosslinking. Self-condensation 
is a special case in which the pre-polymer is a monomer with 
f functional groups. Likewise, the randan linear polymer is a 
special case of f = 2 in Eqs. (1) and (2). 

Polymers with distribution defined by Eqs. (1) and (2) are 
said to manifest the "most probable" distribution. One of the 
important characteristics of these polymers, linear or branched, is 
that their size distributions are uniquely defined by these two 
averages . This is a simple and very useful concept in the 11 
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288 PLA AND YAN 

characterization of dissolved lignin; because it says that, once 
the number- and weight-average DP are determined, the molecular 
size distribution, functionality and branching density can be 
evaluated. 

An even more useful and general technique developed by us7 
involves the use of a pair of measured DP averages to evaluate 
crosslinking density in Eqs. (3) and (4), when the primary chains 
are assumed to have a most probable distribution. 

Branch Points 

A lignin branch point may have a functionality of f - > 3; i.e., 
a cg unit may be linked to three or more other units. However, a 
tetrafunctionally linked unit may be ruled out for structural 
consideration because of stereochemistry. Therefore, Szabo and 
Goring1* made a direct substitution of f = 3 in the self- 
condensation of A3 in the Ftory-Stockmayer theory. This assumption 
turns out to be incorrect, as is demonstrated below with 
calculations based upon experimental data. 

On the other hand, Bolker and Brenner13 attempted to 
generalize the structural description of lignin by considering it 
as a crosslinked polymer. Unfortunately, their assumption of 
uniform length of the pre-polymers reduces the utility of this 
generalization. 

Random crosslinking involves the formation of branch points. 
A linear polymer is formed by end-to-end linking of two smaller 
linear segnents. A trifunctionally linked unit is formed by 
reacting a linear chain-end with a non-terminal unit f n  another 
chain. However, a tetrafunctional branch point, constituted by a 
pair of trifunctional units, is formed by linking the non-terminal 
units from two pre-polymer chains. In other words, a trifunctional 
branch point (shaped like the letter Y )  is also a trifunctional 
unit, but a tetrafunctional branch point (the X shape) is a pair of 
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LIGNIN MOLECULES 289 

t r i f unc t i ona l  un i ts  (see formula I 1  i n  re f .  5 and Fig. 2b i n  
r e f .  6). The concept o f  t h i s  d i s t i n c t i o n  has been discussed 
thoroughly by F lo ry  ( re f .  8, pp. 359-360). 

Furthermore, F lo ry  also showed tha t  the condensation o f  a 

te t ra func t iona l  u n i t  w i th  a b i func t iona l  one (i.e., A4 t A2; A2 i s  a 
l i nea r  polymer w i th  var iab le length) i s  equivalent t o  the 
c ross l ink ing  o f  pre-polymers w i th  a "most probable" d i s t r i bu t i on .  
Quant i ta t i ve  expressions have also been derived by F lory .  I f  the 
extent o f  react ion o f  the l i nea r  polymers i s  denoted by p, then the 
DP averages are given by: 

Jn = ( 1  - p ) - l  

Fw = 11 + P ) ( l  - p1- l  

which are the special cases o f  Eqs. (1)  and (2) w i th  f = 2, y = x 
and p = a. 

This important conclusion has been applied t o  l i g r ~ i n ~ , ~ .  The 

equivalence of the A4 + A2 condensation and random cross l ink ing  
na tu ra l l y  implies tha t  the branch points  formed by c ross l ink ing  are 
te t ra func t iona l  (or  X points)*. Thus when pre-polymers wi th  the  DP 
averages given by Eqs. (5 )  and (6 )  are crosslinked, the branching 
p robab i l i t y  af i s  given by: 

This equation does not depend on the f u n c t i o n a l i t y  o f  branch 
points. I n  fact ,  i t  applies for both a4 and a3.  F l o r y ' s  
equivalence argument automatical ly suggests tha t  i t  i s  a4. 

Func t iona l i t y  

The func t i ona l i t y  o f  the branch point  i s  implied i n  the 
It can also be determined by viscometry argument j u s t  described. 

measurements on d i l u t e  solut ions o f  branched polymers 14,15 
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290 PLA AND YAN 

As a result of branching, the radius of gyration of a branched 
polymer is reduced as compared with the unbranched counterpart. 
The contraction factor, g, is a measure of such a reduction in the 
radius of gyration: 

= Rb,8 -2/ii2 1,@ 

where ibfe is the mean square radius o f  gyrat_ion of the branched 
polymer measured under the @-condition, and Rise is that o f  the 
linear chain of the same DP. Viscometry gives the ratio of the 
intrinsic viscosities, also under the @-condition: 

2 

There are several relationships between g and gl. 
Zimn and Kilb15'obtained: 

In particular, 

which has been used in our previous work for ligninlS3. However, a 
more generalized form has recently been suggested16: 

Under the assumptions that the chains (in linear polymers as 
well as in the branched polymers) are very long, with a Gaussian 
configuration in the @-solvent, Zimn and Stockmayer derived for the 
g-f actors for trifunctional and tetrafunctional branched polymers 
as, respectively: 
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LIGNIN MOLECULES 291 

1 g4 - -ln(- 
2a 1 - 3 a  

- 1 - 3 c l  1 - a  

where a i s  the branching p robab i l i t y  defined by Eq. (7). 
I f  the proper value o f  v i s  known, the g values can be 

calculated from the measured values o f  g '  by using Eq. (11). With a 
knowledge o f  the func t iona l i t y ,  the calculated g values can be used 
i n  Eqs. (12) o r  (13) t o  evaluate the  branching p r o b a b i l i t y  a. 
Al ternat ive ly ,  i f  a can be evaluated from other sources, such as the 
molecular weight method t o  be shown below, then Eqs. (12) and (13) 
y i e l d  the values o f  g, which on cor re la t ing  w i th  the measured 
g '  values, gives the value o f  v i n  Eq. (11). 

I n  a semiempirical treatment o f  v iscos i t ies  o f  branched 
polymers, Bohdanecky" obtained a re la t ionsh ip  between g' and the 
weight-average molecular weight A,: 

l / g '  = A + B 19, 1/2 

where A and B are constants and values o f  A y i e l d  information on the 
degree of funct ional i ty16.  

EXPERIMENTAL 

Extensive measurements were made on l i g n i n  samples prepared from 
spruce wood meal 1-3, b r i e f l y  described as follows. 

&Fractions - The spruce meal was extracted w i th  a so lu t ion  
composed o f  1000 mL dioxane and 10 mL HC1 (sp. gr. = 1.19) a t  the' 
b o i l i n g  temperature. The dissolved l i g n i n  was then f rac t ionated  by 
s ize exclusion chromatography (SEC) t o  obtain narrowly dispersed 
f ract ions.  

F-Fractions - Same as above except tha t  dioxane-H20-HC1 
(800 mL, 200 mL, 100 mL) was used as the ex t rac t ing  agent. These 
are also narrow f ract ions.  
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292 PLA AND YAN 

P-Fractions - The wood meal was extracted successively a t  7OoC 
w i t h  the same solution as that  used for  the D-fractions. The 
P-fractions are broadly distributed. Each fraction was collected 
at  a different time. These fractions were characterized by laser 
l i g h t  scattering and vapor pressure osmometry t o  obtain their 
average molecular weights. 

Intrinsic viscosity measurements were also carried out, i n  
suttable f3-solvents, for  a l l  D-, F- and P-fractions. For more 
detailed descriptions on the choice o f  solvents and methods of 
characterization, original pub1 icatlons should  be consul ted1'3. 

RESULTS AND DISCUSSION 

Using the DP averages obtained for the P-fractions, we can 
t e s t  the two models described above w i t h  these data. 

Condensation Model - Branching from Molecular Weight Data 

For a condensation polyner, one can eliminate a between 
Eqs. (1) and ( 2 ) ,  and the result  is an expression for f :  

f f 2(Rn - l)(iw - l ) / ( Z "  zw + in - 2 iw) 

Using only a few of the measured DP averages, the results shown i n  
Table I are obtained: 

Table I. Test o f  Condensation Model 

Fraction 

P-1 
P-2 
P-10 
P-20 
P-25 

f 

1.99 
- 
2.12 
2.04 
2.06 
2.07 
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LIGNIN MOLECULES 293 

It i s  evident from Table I tha t  the f u n c t i o n a l i t y  o f  the l i g n i n  
studied i s  not 3. This appears t o  inva l ida te  the  condensation mode1 
of Szabo and Goring . Simi la r ly ,  t he  "cross l ink ing"  model o f  
Bolker and Brenner13 seems not sa t is fac to ry  because they assumed 
tha t  jn = iw = constant i n  Eqs. (3) and (4) ,  which, i n  e f fec t ,  
reduces t o  a condensation model w i th  a large but constant value o f  
f. 

12 

Cross l ink ins Model - Branching from Molecular Weight Data 

5-7 

provides f o r  the evaluation o f  p from each p a i r  o f  measured in and 
iw, and a deta i led procedure f o r  ca lcu la t ion  of p i s  given i n  our 

7 previous paper . The corresponding value o f  a can be ca lcu lated 
from Eq. (7). The resu l ts  are shown i n  Table 11, together wi th  the  
measured values of Zw and other parameters t o  be discussed below. 

The func t i ona l i t y  o f  the dioxane extracted l i g n i n  can be 
evaluated from the d e f i n i t i o n  o f  the gel po in t  f o r  which the 
branching probabi 1 i t y  i s  g i  ven8" by: 

The more generalized cross l ink ing model proposed by us 

(16) -1 ac = ( f  - 1) 

and thus aC = 1/3 i f  f = 4; and ac = 1/2 i f  f = 3. Also a t  the gel 
po in t  the weight-average DP diverges 8-9. . 

Empirical ly, one can p l o t  the values o f  a, as calculated from 
Eq. (7) and l i s t e d  i n  Table LI, against l/iw and the in te rcept  a t  
Zw + - i s  the value o f  ac. This p l o t  turns out t o  be l inear ,  as 
shown i n  Figure 1, wi th  an in te rcept  a t  ac = 0.35. Thus we conclude 
from molecular weight considerations t h a t  the branch points are 
te t ra func t iona l ,  i n  agreement w i th  previous c o n ~ l u s i o n s ~ ' ~ .  
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Table 11: Properties o f  L ign in  Fractions 

Fract ion En %I a 9' 93 94 9 

P-1 
P-2 
P-3 
P-4 
P-5 
P-6 
P-7 
P-8 
P-9 
P-10 
P-11 
P-12 
P-13 
P-14 
P-15 
P-16 
P-17 
P-18 
P-19 
P-20 
P-21 
P-22 
P-23 
P-24 
P-25 

10.42 
10.58 
11.39 
11.99 
13.09 
13.82 
14.08 
14.06 
14.19 
14.37 
14.55 
14.82 
15.03 
15.23 
15.39 
15.50 
15.65 
15.76 
15.81 
15.89 
15.94 
16.05 
16.02 
16.07 
16.18 

19.14 
21.41 
23.04 
26.36 
29.19 
31.25 
33.09 
35.34 
36.02 
37.04 
38.72 
41.41 
42.88 
44.82 
46.60 
47.41 
48.90 
50.94 
52.25 
54.08 
54.76 
56.23 
25.64 
59.45 
61.44 

- 
0.0324 
0.0311 
0.0763 
0.0799 
0.0840 
0.1005 
0.1227 
0.1292 
0.1345 
0.1421 
0.1593 
0.1603 
0.1681 
0.1770 
0.1790 
0.1812 
0.1893 
0.1928 
0.1990 
0.2035 
0.2042 
0.2127 
0.2147 
0.2194 

0.7235 
0.7053 
0.6928 
0.6669 
0.6485 
0.6388 
0.6284 
0.6194 
0.6156 
0.6111 
0.6037 
0.5924 
0.5868 
0.5795 
0.5738 
0.5708 
0.5654 
0.5591 
0.5546 
0.5493 
0.5466 
0.5428 
0.5363 
0.5343 
0.5295 

- 
0.986 
0.987 
0.966 
0.964 
0.962 
0.953 
0.940 
0.937 
0.933 
0.929 
0.917 
0.917 
0.911 
0.905 
0.904 
0.902 
0.896 
0.893 
0.888 
0.885 
0.884 
0.877 
0.876 
0.871 

,* 
0.966 
0.967 
0.912 
0.908 
0.902 
0.879 
0.845 
0.834 
0.825 
0.812 
0.781 
0.779 
0.763 
0.745 
U.741 
0.736 
0.718 
0.710 
0.696 
0.685 
0.683 
0.661 
0.656 
0.643 

0.697 
0.678 
0.665 
0.638 
0.618 
0.608 
0.597 
0.587 
0.583 
0.578 
0.571 
0.559 
0.553 
0.545 
0.539 
0.536 
0.530 
0.524 
0.519 
0.514 
0.511 
0.498 
0.500 
0.498 
0.493 

*Not calculated because of a negative value o f  p ,  which i s  a r e s u l t  
of  the uncerta inty  i n  polydispers i ty  of  t h i s  very f i r s t  f rac t ion .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



LIGNIN MOLECULES 

0.4 - 
\ 

0.3 - 
a 

0.2 - 

0.1 - 

0 .  
I I I I 

0.01 0.02 0.03 0.04 

295 
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Figure 1: Plo t  of branching probability (a) against the 
reciprocal of the weight-average DP. The intercept 
a t  the ordinate yields the gel p o i n t  a t  a = 0.35. 

Chain Branchinq Evidence from Viscosity Measurements 

The g' values determined from intrinsic viscosity measurements 
on the P fractions are also shown i n  Table 11. Like the weight- 
average DP, the g '  value i n  a given fraction is the cumulative value 
over a l l  the previous fractions, w i t h  the mass fractions as their 
weighting  factor^"^. In this sense, the reported g '  values are 
wei ght-averages. 

The values of g3 and g4 shown i n  Table I1 were calculated from 
a by using Eqs. (12) and (13), respectively. These are the 
g-factors calculated from the molecular weight (DP averages) data 
as illustrated i n  the last  section and our recent work . 7 
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296 PLA AND YAN 

Fran the original  value^''^ of g' and RW obtained for  the D and 
F fractions, we find w i t h  h igh  correlation coefficients (r2 = 0.99) 
i n  the form of Bohdanecky's equation (7), that: 

D- f rac t i ons : l /g  ' = 0.76 + 0.0108 Nil2 (18) 

F-fractions: l / g '  = 0.82 t 0.0083 (19) 

The intercept values, 0.76 and 0.82, are well i n  the range given by 
Bohdanecky16. Thus we arrived a t  an estimated value of v = 0.85 for  
both trifunctional and tetrafunctional branch points.  

When a similar correlation i s  performed for the P fractions, 
and here w i t h  a correlation of r2 = 0.99, we obtain: 

l / g '  = 0.72 t 0.0108 Nil2 

This gives an estimation of v = 0.9 using the Bohdanecky technique. 
With this value of v, Eq.  (11) is used t o  calculate the g-factor 
fran the viscosity data. The result  is  also shown i n  Table 11. 

There is an appreciable deviation between these derived 
g-factors and the values of g3 and g4 calculated from the molecular 
weight data. Atthough the viscosity g values are closer t o  g4 than 
g3, again suggesting a tetrafunctional branch p o i n t ,  this deviation 
cannot be ignored. Perhaps the theories on the g-factors and 
viscometry have invoked assunptions and conditions that  may not be 
substantiated i n  the lignin molecules now studied. For example, 
the measured chain length of lignin pre-pol~mers~ is less than 28, 
which does not sat isfy the long chain and Gaussian conditions 
required i n  the developnent of these theories 

Furthermore, recalling that the P-fractions are highly 
polydisperse, the empirical relationship i n  Eq. (19) may not be 
suitable for  use with these fractions despite the observed h i g h  
correlation coefficient. In addition, the weight-average values of 

14- 16 . 
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LIGNIN MOLECULES 297 

the g' factors  may not be f u l l y  representative o f  the cumulative 
Val ues. 

CONCLUSIONS 

Molecular weight data suggest t h a t  the s t ruc tu re  o f  the  
dioxane l i g n i n  studied can be modeled as a crossl inked polyner w i th  
te t ra func t iona l  (X-type) branch points. The observed DP averages 
y i e l d  information su f f i c i en t  t o  permit estimates o f  t he  
c ross l ink ing  densi ty  and the  f u n c t i o n a l i t y  o f  branch po in ts  o f  a 
presuned t ree - l i ke  l i g n i n  p o l ~ m e r ~ ' ~ .  Most of the charac ter is t i cs  
o f  the  l i g n i n  preparation studied can be in terpreted based on the  
simple concept o f  characterlzation of l i g n i n  by nunber- and weight- 
average DP measurements. V iscos i ty  data do not c l e a r l y  favor  a 
te t ra funct ional  branch po in t  over a t r i f u n c t i o n a l  one because o f  
the lack o f  a su i tab le  hydrodynamic theory f o r  r e l a t i v e l y  shor t  and 
s t i f f  chains i n  l i g n i n  macranolecules. 
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APPENDIX 

A prime sign ( I )  i s  usual ly  used f o r  symbols designating proper t ies 
i n  the so l  I n  t h i s  paper, on ly  the sol f r a c t i o n  i s  
discussed, the prime i s  omitted without causing confusion w i th  
propert ies o f  the gel f rac t ion .  

As B Constants i n  Eq. (14) 

Bi funct ional  ( l i n e a r )  monomer or  polyner 

Monomer w i th  f funct ional  groups 

Number o f  funct ional  groups i n  a monomer = f u n c t i o n a l i t y  

A2 

Af 
f 
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Contraction fac to r  defined by Eq. (8)  

Viscos i ty  r a t i o  defined by Eq. (9 )  

Contraction fac to r  o f  a t r i f u n c t i o n a l  l y  branched polymer 

Contraction fac to r  o f  a te t ra func t i ona l l y  branched 
pol ymer 

Polymer weight-average molecular weight 

Extent o f  react ion i n  l i nea r  pre-polymers = f r a c t i o n  o f  
reacted funct ional  groups i n  pre-polymers 

Mean-square radius o f  gyration 

Number-average DP o f  branched l i g n i n  molecules 

Weight-average DP o f  branched l i g n i n  molecules 

Number-average DP of l inear  pre-polymers 

Weight-average DP o f  l inear  pre-polymers 

Branching p robab i l i t y  o f  a f - func t iona l  branch po in t  = 
p robab i l i t y  tha t  a l i nea r  arm issued from a branch po in t  
w i l l  end i n  another branch po in t  

C r i t i c a l  value o f  a 

Crossl inking densi ty  = f r a c t i o n  o f  t r i f u n c t i o n a l l y  l inked 
un i ts  i n  l i g n i n  molecules 

I n t r  i ns i c v iscos i ty  

Subscript ind ica t ing  0-conditions 

Exponent defined by Eq. (11) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


