
Organosilane Dendrimer Bull. Korean Chem. Soc. 1996, Vol. 17, No. 5 419

Articles
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A dendrimeric silane containing 162 allylic end groups is prepared via a divergent growing approach. The reaction 
process of the repetitive alkenylation and hydrosilylation cycles was monitored by NMR spectroscopic attachments. 
Both steps provided almost quantitative yields of pure silane dendrimers.

Introduction

The synthetic interest of dendrimer with highly controlled 
m이ecular architecture has increased lat이y.】' These tree-like 
molecules with polyfunctional groups are the result of repeti
tive growth starting from small core molecules in a highly 
controlled manner. From the core two or more identical bra
nches emanate, each branch containing further branching 
points to its end. Such three dimensional emanated molecu
les with highly branched molecular architecture are called 
dendrimers.3 Two fundamentally different synthetic ap
proaches have been developed. The divergent approach be
gins with a polyfunctional initiator core of which a number 
of branches are attached. In the next step, the ends of the 
branching points from which new branches are created. In 
a subsequent step, these reactive branch points are reacted 
with new branches, the ends of which can be functionalized 
ag죠in, and so on (Figure l).lf A second synthetic route to 
dendrimers was demonstrated earlier4 and followed the con
vergent strategy outlined in Figure 2. For the preparation 
of hyperbranched dendrimers involves convergent process 
in which growth begins at what will become the periphery 
of the final macromolecule and proceeds inward, the final

Figure 1. Divergent synthetic s아leme of dendrimers.
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Figure 2. Convergent synthetic scheme of dendrimers. 

reaction being attachment to a polyfuntional core. These two 
approaches may provide polymers with varieties of new and 
improved properties.

Organic dendrimers has been actively investigated and func
tionalized.16 However, silicon- and germanium-containing de
ndrimeric macromolecules and inorganic dendrimers have 
received limited attention.5 Seyferth et al?e carried out stud
ies using tetravinylsilane as the core molecule and vinylmag- 
nesium bromide in an allylation step. Dendrimers up to the 
fourth generation were prepared.

We report here our study of the synthesis of carbosilane 
dendrimer based on diallylsilane as the core molecule and 
hydrosilylation with HSiCl3 and allylation with allylmagne
sium bromide as the growth steps. The final product (G4) 
was the structually well defined silane dendrimer up to the 
fourth generation with a molecular weight of 12,387 and 162 
allylic end groups. The fifth generation of our dendrimeric 
silane was not structually well defined, because the hydro
silylation process did not completely progress to G5P.

Experimental Section

All reactions and manipulations were carried out under 
an atmosphere of dry nitrogen using Schlenk techniques. 
Ether and THF were dried by distillation from blue solution 
of sodium-benzophenone ketly, and the solvents such as pen
tane, benzene and toluene were dried and distilled from 
Na/K2.8 amalgam. Glassware was dried under vacuum with 
100 fc/10-1 torr. Commercially available chemicals were used 
as received.

XH and 13C NMR spectra were recorded on a Broker AC 
200 spectrometer, and the chemical shifts were referenced 
to internal solvent peaks. The mass spectra were obtained 
on a HP 5280 spectrometer by El ionization at 70 eV. Ele
mental analysis was carried out by the Seoul Branch of Ko
rean Basic Science Center.

GO. 100 mL of CH2=CHCH2MgBr (100 mmol; 1 M solu
tion in Et2O) was slowly added over a period of 2 h to 8.02 
g (41.90 mmol) of MePhSiCl2 in 50 mL THF. The reaction 
mixture was refluxed for 6 h. After the solution had cooled 
to room temperature, solvent was removed under reduced 
pressure. The magnesium salts were precipitated in pentane 
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and filtered off. The pentane was evaporated leaving a resi
due, which was distilled by 40 fc/10-1 torr. The product, 
GO (MePhSi(CH2CH—CH2)2)was obtained as clear, colorless 
liquid with 6.18 g (30.58 mmol, 73%). The 】H, 13C NMR data 
of the GO are given in Table 2, and the analytical data are 
given in Table 1.

Mass (70 eV rel. int. %): 202 (M+, 4), 161 ((M-CH2CHCH2)+, 
100), 145 ((M-CH2CHCH2, CH3)+, 50), 121 ((MWCHzCHCH?))*, 
76), 105 ((M-2(CH2CHCH2), CH3)+, 62), 43 ((M-2(CH2CHCH2), 
Ph)十，46)

Compds. Formula Molecular No of end Analysis found/calcd(%)
* mass groups C H

Table 1. Analytical data of dendrimeric silanes

GO CisHigSii 202.37 2 77.39/77.16 9.00/8.97
Gl CsiHsoSis 506.99 6 72.91/73.44 9.93/9.44
G2 CgsH^Sig 1420.86 18 70.82/71.88 10.38/10.37
G3 C247H434S127 4162.47 54 69.84/71.31 10.35/10.52
G4 C733Hi298Sisi 12387.29 162 67.69/71.11 10.53/10.57

G4P-3H。24汨650夠1 5896.80 54 52.80/50.31 11.14/11.11

Chungkyun Kim et al.

G1P. A mixture of 1.13 g (5.59 mm이) GO, 2.94 g (21.94 
mmol) HSiCL and 0.03 g platinum catalyst (Pt on activated 
carbon, 10% Pt content) in 15 mL THF was stirred for 24 
h at room temperature. When the reaction was completed 
by NMR, excessive HSiCU and THF were removed under 
vacuum. The catalyst was filtered off in pentane and the 
pentane was evaporated leaving 2.55 g (5.38 mmol, 96%) of 
G1P (MePhSHCEbCHzCHzSiClQQ as clear, colorless liquid, 
which are very sensitive to moisture. The 】H, 13C NMR 
chemical shifts of the G1P are given in Table 3.

Gl. 50 mL of CH2—CHCH2MgBr (50 mmol; 1 M solu
tion in Et?。)was slowly added to 3.04 g (6.42 mmol) of 
G1P in 25 mL THF. The reaction of the mixture was reflu
xed for 12 h. When the reaction was completed by NMR, 
solvents were removed under reduced pressure. The magne
sium salts were precipitated in pentane and filtered off. The 
pentane was evaporated leaving a residue, which obtained 
Gl (MePhSi(CH2CH2CH2Si(CH2CH = CH2)3)2) as clear, color
less oil with 2.22 g (4.37 mmol, 68%). The 】H, 13C NMR 
data of the Gl are given in Table 2, and the analytical data 
are given in Table 1.

G2P. A mixture of 2.22 g (4.37 mmol) Gl, 7.40 g (54.6 
mmol) HSiCl3 and 0.05 g platinum catalyst (Pt on activated 

Table 2. NMR spectroscopic data of G0-G4 dendrimeric silanes

Compds. MeSi -ch2 =ch2 =CH Ph

GO -0.04(s, 3H)
i3C -5.85(G0)

1.55, 1.59(d, 4H, J=8 Hz, GO) 
21.57(G0)

4.75-4.85 (m, 4H)
113.83

5.62-5.83 (m, 2H)
134.17

7.38-7.51(m, 5H)
127.73(。)

12917(少
133.92伽)

136.870 物血)

Gl iH 0.28(s, 3H)

13C -5.02

0.64-0.73(m, 4H, GO)
0.82-0.90(m, 4H, 3)
1.32-1.51(m, 4H, GO)
1.56, 1.60(d, 12H, J=8 Hz, Gl)
16.31, 18.10, 19.01(G0), 19.7O(G1)

4.80-5.00(m, 12H)

113.47

5.64-5.86(m, 6H)

134.40

7.30-7.50(m, 5H)

127.69(。)

128.77。)

133.75(阳)

138.47(群奶寸)

G2 g 0.29(s, 3H)

13C 0.98

0.58-0.69(m), 0.78-0.84(m)
1.25-1.41(m)f 1.58,
L62(d, 36H, J=8 Hz, G2)
16.57(G1),
17.50(Gl-G0)
18.22(G1), 18.52, 19.44(G0)
19.69(G2)

4.85-4.95(m, 36H)

113.51

133.70(所)

138.54(g 伽効)

5.73-5.86(m, 18H)

134.38

7,32-7.45(m, 5H)

127.69(o),
128.72(0)

G3 *H 0.27(s, 3H)

13C -5.51

0.51・0.70(m), 1.12-1.42(m)
1.56, 1.60(d, 108H, J=8 Hz, G3)
16.67, 17.53(G2-G1)
17.80, 18.81(G0)
18.32(G2-G1)
18.58(G0)
19.72(G3)

4.84493(m, 108H)

113.60
128.65(0)
133.88伽)

5.7L5.85(m, 54H)

134.36

7.30-7.46(m, 5H)

127.64(0)

G4 0.25(s, 3H)

13C

0.42-0.71(m), 1.20-1.49(m)
1.56, 1.60(d, 324H, /=8 Hz, G4)
16.77, 17.56, 18.43(G3-G0)
19.73(G4)

4.84492(m, 324H)

113.74

5.62-5.84(m, 162H)

134.25

7.28-7.45(m, 5H)
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Tab,e 3- NMR Spetroscopic Data of G1P-G4P and G4P-3H Den- 
drimeric Silane

PhCompds. MeSi CH2

G1P *H 0.34(s, 3H) 0.92-1.01(m, 4H, GO) 7.39-7.58(m, 5H)
1.43-1.51(m, 4H, GO)
1.63-1.67(m, 4H, GO)

G2P

13C -5.43 17.10, 28.18(G0) 128.00((?)
129300)
133.67(彻)

136.810Z0 行)
旧 0.29(s, 3H) 0.58-0.71(^) 7.34-7.52(m, 5H)

0.80-0.92(m)
1.35-1.80(m)

13C -5.30 15.35(G1) 127.82(c)
16.50(G0) 128.94。)

17.29(G1) 133.71(的)

1836, 19.14(G0) 138.10(g 初打)

28.36(G1)
G3P 'H 0.27(s, 3H) 0.48-0.74(G2-G0) 7.30-7.45(m( 5H)

1.15-1.38(G2-G0)
1.41-1.70(G2-G0)

I3C -5.17 15.44(G2-G0) 127.760)
17.21(G1-GO) 128.00。)

17.39(G2) 133.88(所)

17.55(G1-GO)
18.50(Gl-G0)
28.45(G2)

G4P 'H 0.27(s, 3H) 0.46-0.80(G3-G0) 7.28-7.51(m, 5H)
I.18-1.40(G3-G0)
1.40-1.80(G3-G0)

G4P-3H

13C -5.86 15.40, 17.40(G3) 127.68(。)

18.60(G2-G0) 128.670)
28.45(G3) 133.95(初)

138.17(qum)
0.28(s, 3H)

*-SH3 : 3.51

0.48-0.72(G3-G0) 7.28-7.53(m, 5H)
0.72-0.97(G3-G0)
1.21-1.60(G3-G0)
(t, 162H, J=4 Hz)

13C - 5.52 10.54, 15.94(G3) 127.64(c)
18.67, 17.62(G2-G0) 128.630)
21.73(G3) 133.85(m)

138.28伽0 打)

carbon, 10% Pt content) in 10 mL THF was refluxed for 
12 h. When the reaction was completed by 】H NMR, exces- 
sive HSiC* and THF were removed under vacuum. The ca
talyst was filtered off in pentane. The pentane was evapo- 
rated leaving 5.65 g (4.27 mmol, 98%) of G2P MePhSi(CH2 
CH2CH2Si(CH2CH2CH2SiCl3)3)2 as clear, colorless liquid. The 
】H, 13C NMR data of the G2P are given in Table 3.

G2. 130 mL of CH2=CHCH2MgBr (130 mmol; 1 M solu- 
tion in Et2O) was slowly added to 6.30 g (4.77 mmol) of 
G2P in 25 mL EtQ The reaction mixture was refluxed for 
12 h. When the reaction was completed by NMR, solvent 
was removed under vacuum. The magnesium salts were pre

cipitated in pentane and filtered off. The solvent portion was 
evaporated, leaving a clear, colorless oill of 4.10 g (2.88 mmol 
61%)况 G2 (MePhSi(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH- 
CH2)3)3)2). The 】H, 13C NMR data of the G2 are given in 
Table 2, and 산le analytical data are given in Table 1.

G3P. A mixture of 4.10 g (2.88 mmol) G2, 10.0 g(73.8 
mmol) HSiCl3 and 0.03 g platinum catalyst (Pt on activated 
carbon, 10% Pt content) in 10 mL THF was refluxed over 
night. When the reaction was completed by NMR, exces- 
sive HSiCE and THF were removed under vacuum. The ca- 
talyst was filtered off in pentane. The pentane was evapo
rated leaving 10.20 g (2.64 mmol, 92%) G3P (MePhSi(CH2CH2 
(汨2序((汩2(為2(汨2§((汨2(归2(汨：2&(313)3)3)2)HS cleat, COlor- 
less oil. The 】H, 13C NMR data of the G3P are given in 
Table 3.

G3. 175 mL of CH2=CHCH2MgBr (175 mmol; 1 M solu- 
tion in EtzO) was slowly added to 10.20 g (2.64 mmol) of 
G3P in 25 mL Et2O. The reaction mixture was refluxed over 
night, When 比。reaction was completed by lH NMR, solvent 
was removed under vacuum. The magnesium salts were pre
cipitated in pentane and decanted. The s이vent was evapo- 
rated leaving a clear, colorless oil. This material was chro
matographed on silicagel using chloroform, as eluant G3 
(MePhSi(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH 
= CH2)3)3)3)2)was obtained as clear, colorless oil (9.51 g, 228

87%). The 】H, 13C NMR data of the G3 are given 
in Table 2, and the analytical data are given in Table 1.

G4P. A mixture of 3.27 g (0.78 mmol) G3, 8.02 g (59.2 
mm이) HSiCl3 and 0.05 g platinum based on hydrosilylation 
catalyst (Pt on activated carbon, 10% Pt content) in 10 mL 
THF was refluxed over night. When the reaction was com- 
pleted by NMR, excessive HSiCl3 and THF were removed 
under vacuum. The catalyst was filtered off in pentane. Re- 
moval of volatiles by vacuum left G4P (MePhSi(CH2CH2CH2 
Si(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH2CH2SiCl3)3)3)3)2) as 
clear, colorless oil (8.50 g, 0.74 mmol, 95%). The 13C 
NMR data of the G4P are given in Table 3.

G4. 26 mL of CH2=CHCH2MgBr (26 mmol; 1 M solu- 
tion in Et2O) was slowly added to 1.80 g (0.156 mmol) of 
G4P in 25 mL EtQ The reaction mixture was refluxed over 
ni아it. When the reaction was completed by NMR, solvent 
was removed under vacuum. The magnesium salts were pre
cipitated in pentane and decanted. The solvent was evapo- 
rated leaving colorless glass-type solid. This material was 
chromatographed on silicagel using chloroform as an eluant. 
G4 (MePhSi(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH2CH2Si(CH2 
CH2CH2Si(CH2CH—CH2)3)3)3)3)2)was obtained as clear, color- 
less glass type material (0.61 g, 0.049 mm이, 32%). IR (KBr) 
1628 cm"1 for C=C stre아ling. Mol. wt (GPC) Mw=9862 
(calcd 12387).

G4P-3H. A solution of 3.58 g (0.312 mmol) G4P in 25 
mL EtzO was added slowly to an ice-cooled suspension of 
IUAIH4 (1 g, 26.35 mmol) in 50 mL EtR. The mixture was 
stirred at room temperature for 24 h and 나)en the solvent 
wa앙 evaporated. The salts were precipitated in pentane and 
decanted. The reaction mixture was added slowly to 75 mL 
of an ice-cooled 1 N HC1 solution. The layers were separated. 
The organic layers were washed out twice with distilled wa- 
ter and then were dried over anhydrous MgSO4. The pen- 
tane s이ution was filtered. Removal of solvent left G4P-3H 
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(1.20 g, 0.20 mmol, 65%, MePhSi(CH2CH2CH2Si(CH2CH2CH2 
Si(CH2CH2CH2Si(CH2CH2CH2SiH3)3)3)3)2) as colorless clear 
glass type solid.

Results and Discussion

The synthetic method of our dendrimeric carbosilane is 
outlined in Scheme 1. Diallylsilane (GO) was the initiator 
core which was quantitatively prepared from exhaustive ally- 
lation of dichlorosilane with allylmagnesium bromide. The 
preparation of GO via exhaustive allylation gave a pure pro
duct, as observed by XH NMR spectrum of the reaction mix
ture was obtained. The work-up gave GO in 73% is이ated 
yield. Then the allyl groups of GO were hydrosilylated with 
an excess of trichloromethylsilane in THF solution by a hy
drosilylation catalyst (Pt on activated carbon with 10% con
tent; 10~4-10-5 mol per double bond) giving G1P with two 
SiCl3 functional groups each end branches. The XH NMR 
spectrum of the reaction mixture showed a quantitative yield 
of G1P. After purification of the reaction mixture, G1P was 
obtained in 96% yi이d. (see Table 3).

Next, all the active functional groups (6 Si-Cl bonds) of 
G1P were reacted with allylmagnesium bromide in THF re
fluxing condition over night to produce a dendrimeric silane 
with 6 allylic end groups (Gl), which were formed in quanti
tative yields and confirmed by NMR specturum. Its XH 
NMR spectrum clearly showed three multiplet at 8 0.64-0.73, 
0.82-0.90, and 1.32-1.51 ppm for old generation (GO) and 1.56, 
1.16 ppm (-CH2-), 4.80-5.00 (皿=),and 5.64-5.86 (CH=)

+ 8 HSiCI

GO (2 allylfc end groups) 
Mw(C13H18SI);202.37

+ 2 HSICt

G2P

♦ 18CH2=CHCH2MgBr 

-18MgBiCI El2O

+ 18HSiCI3+ 54CH2=CHCH2MgBr
G3 (54 allylic end groups) ---------------- ---------------- G3P

Mw(C247H434Si27)： • 54 MgB© 티Q Pl THF reflux
4162

Pt THF renux

+ 6 CH2=CHCH2MqBt 
-6MgBfCI

G1 (6 sllyiic end groups) 
Mw(C31H50S<3);506.99

G 2 8 allylic end groups) 
Mv(C85H146Si9);U20.88

+ 54HSiCk 
Pt THF 
reflux

+ 162CH2=CHCH2MgBr
G4P -----------E------------------— G4 (162 Allylic end groups)

• 162 McBlCI &2。 Mw(C733H1298Si81)；12387 
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ppm of characteristic allylic end groups for new generation 
(Gl; see Figure 1, 2 and Table 2).

This first generation (Gl) can be converted into a protec
ted second generation (G2P) with 18 active functional groups 
by the hydrosilylation process. The G2P generation can be 
converted into a G2 generation by the alkenylation process 
by reacting with allylmagnesium bromide. By repetition of 
the hydrosilylation-alkenylation cycles, third (G3) and fourth 
(G4) generations were obtained.

The fifth generation (G5 contained 486 allylic end groups 
and Mw; 37,061) of dendrimeric silane could not be prepared 
by general preparative cy이e applied to the 4th generation 
due to the phenomenon of surface congestion.2ab Most likely, 
steric congestion in the periphery hindered a complete reac
tion and therefore, more forcing reaction conditions had to 
be applied. When THF solution of G4, with an excess of 
HSiCU and platinium catalyst was sealed in a thick-walled 
glass tube and heated at 100 t? for 12 h, hydrosilylation 
of allyl groups of G4 was incompletely progressed to G5P 
(MePhSi(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH2CH2Si(CH2CH2 
CH2Si(CH2CH2CH2SiCl3)3)3)3)3)2)according to the 】H NMR 
spectrum of the reaction mixture. But both steps (alkenyla
tion and hydrosilylation) applied to G4P produced G4 in 
almost quantitative yields after a simple chromatograpic pu-

+liaih4 
•LIC1 
-AICI3 

曰2。

G4P-3H (162 SIH Bonds) 

Mw(C247H650SI81)； 5896

Scheme 1. Schematic view of synthetic routes for dendrimeric 
silane.

8.0 7.0 6.0 5.0 4.0 3
PPM

Figure 3.NMR spectroscopic view of each generation of 
dendrimeric silanes.
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ch心2

G4

CH2(new)

CHjfold generations)

111 ,

"1 ' r I I-------1-------1 r-------1------ 1------ 1----- 1—
100 50 0

PPM

Figure 4. 13C NMR spectroscopic view of each generation of 
dendrimeric silanes.

硕

• T I ' ' I ■ * ' 4 I 1 1 * t i ii I I I I I 1 1 t 't i 1
8. 0 7.0 6.0 5.0 4.0 3.0 2. 0 1.0 0.0

PPM

Figure 5.NMR spectrum of the G4P-3H generation of dend- 
rimeric Silane with 162 Si-H bonds.

Figure 6. The schematic view of 4th generation of dendrimeric 
silane with 162 allylic end groups and its and 13C NMR spec- 
tren.

rification of the dendrimers, as is evident from 】H, 13C NMR 
spectra, gel-permeation chromatograpy (GPC) trace and 이e- 
mental analysis (C, H).

The LAH reduction of G4P with 162 Si-Cl bonds gave 
G4P-3H dendrimer (Mw=5890) in good yield. The dendri
meric carbosilanes, GO (Mw; 202.37), G1 (506.99), and G2 
(1420.86) are clear colorless liquids whose viscosity increses 
with the growing generation while G3 (4162) and G4 (12387) 
are colorless wax-like compounds.

All generations exhibit reasonable solubility in a wide ra
nge of solvents including, toluene, diethyl ether, chloroform 
and THE
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T1C12(TCNQ)2.5 and T1(TCNQ)3 were obtained from the reaction of LiTCNQ (TCNQ=tetracyanoquinodimethane) and 
TIXs (X=C1 and NO3). These compounds were characterized by spectroscopic (IR, UV, EPR), electrochemical methods, 
and electrical conductivity measurements. Thermal analysis (TG, DSC) was also conducted. The room temperature 
electrical conductivities of these compounds are in the range of semiconductors. Spectroscopic studies indicate that 
T1(TCNQ)3 has fully ionized TCNQ— ions in a form of simple salt, whereas T1C12(TCNQ)2.5 is consisted of TCNQ- 
and TCNQ0 as a complex salt. EPR <g> values of TCNQ- radical anion are 1.999 in both compounds and the signal 
attributable to metal ion is not observed, suggesting that any unpaired electrons are localized on TCNQ radicals, 
and metal atoms have diamagnetic state. Ligand decomposition and reduction process are simultaneously progressed 
in both compounds above at 200 °C. The endothermic activation energy of T1C12(TCNQ)2.5 i옹 shown somewhat larger 
than that of T1(TCNQ)3, it may be due to Tl-Cl bond strength. The mid-peak potentials of these compounds are 
very similar to those of TCNQ and the values of Epa and Epc are almost equal to 1. The wave of thallium ion is 
not detected in cyclic voltammogram, hence the redox processes of the complexes might be mainly localized to the 
TCNQ ligand rather than thallium ion.

Introduction

The understanding of the electrical properties of purely 
organic compounds has been focused over past fifteen years. 
While most of known organic materials are electrical insula
tors, some of those exhibit high electrical conductivity com
parable to metals.1 Conducting organic compounds have been 
called as worganic metals" or wsynmetalsw. Many researchers 
have performed in the studies of their designs, syntheses 
and physical properties as well as their potential technologi
cal applications.1~9 Two paths of conducting organic charge 
transfer complexes are proposed as follows: One is the com
bination of various organic cations with TCNQ.2""6 But, the 
conductivities of these complexes are lower than that of tet- 
rathiafulvalene-tetracyanoquinodimethane (TTF-TCNQ) com

pound.2 The others are focused on the electrical properties 
of TTF-TCNQ and their relationship to the metallic state.

We have interested in incorporating inorganic materials 
with TCNQ. Shchegolov and coworkers6 first reported a 1:1 
and a 1:2 complex between bis(benzene)-chromium and 
TCNQ. Siedle and coworkers7 also reported V(TCNQ)2, Cr 
(TCNQ)2(CH3CN)2t Mo(TCNQ)(CO)2, W(TCNQ)(CH3CN)2t Co 
(TCNQ)(CH3CN)2, and Ni(TCNQ)2. All of these complexes 
exhibited interesting properties, but none of them were con
ducting. TCNQ molecule is a very interesting ligand;10 (i) 
stacking ligand to form aggregates via n/n interaction (ii) 
ambidentate and bridging ligand through one or more nitrile 
N lone pairs (iii) non-innocent ligand to be reduced to anio
nic radical and further to dianionic form exhibiting unusual 
conducting, optical, and magnetic properties.


