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Section S1. Materials and methods 

1.1. Materials 

β-Cyclodextrin and L-ascorbate sodium salt were procured from MP Biomedicals. Palladium 

acetate and 4-iodoanisole were purchased from Acros Organics. Potassium carbonate, 4-

iodotoluene, chlorobenzene, bromobenzene were purchased from Alfa Aesar. All other 

reagents and solvents were obtained from Sigma-Aldrich and used without any further 

purification. Deionized (DI) water (>18 MΩ cm) used in all experiments was filtered through 

a Millipore Milli-Q water purification system.  

 

1.2. Instruments and characterization 

FTIR spectra were collected on a Bruker iS10 spectrometer. Each samples was grinded with 

dry KBr and then stamped under 8 MPa to get a pellet. The spectra were measured in the 

wavenumber range of 4000-400 cm
-1

 with 32 scan. X-ray photoelectron spectroscopy (XPS) 

was performed on an Axis-Ultra DLD spectrometer using Al Kα radiation under the base 

pressure of 3 × 10
-9

 mbar. C1s line at 284.5 eV from adventitious carbon was used as a 

reference for bind energies. X-ray diffraction (XRD) was performed on the Bruker D8 

Advance with Cu KR radiation (λ = 1.5406 Å). X-ray diffraction (XRD) was carried out by 

Bruker D8 Advance with Cu KR radiation (λ = 1.5406 Å). Thermogravimetric analysis 

(TGA) was performed on a TA-Q500 with a temperature increase of 5 °C min
-1

 under a 

nitrogen environment. Scanning electron microscopy (SEM) images were obtained on a Zeiss 

Merlin field-emission scanning electron microscope with an accelerating voltage of 3 kV and 

a current of 22 pA in Analytic column mode and Inlens signal. The samples were dispersed in 

methanol with assistance of sonication and dropped onto the cleaned silica wafer with 

conductive tape. Before measurement, an iridium layer of 3 nm thickness was sputter-coated 

on samples under an argon atmosphere to avoid any possible charging. Transmission electron 

microscope (TEM) images were obtained with FEI Technai or FEI Titan with K2 camera. 

High-annular dark-field scanning transmission electron microscope (HAADF- STEM) 

images were obtained with aberration corrected scanning transmission electron microscope 

and energy-dispersive X-ray mapping images were obtained with a GATAN. 
1
H and 

13
C 

NMR spectra were recorded on a Bruker AVANCE III NMR spectrometer at 500 and 125 

MHz, respectively. Solid-state 
13

C CP/MAS NMR spectra were acquired using a WB Bruker 

400 AVANAC III spectrometer equipped with 4 mm double resonance MAS Bruker Probe 

(BrukerBioSpin, Rheinstetten, Germany). The samples were finely ground then packed 

evenly into 4 mm zirconia rotor and sealed at the open end with a Vespel cap. The spectra 

were recorded using the cp pulse program from Bruker pulse library with a recycle delay time 

of 10 s. For objective comparison, all spectra were recorded under the same conditions and 

instrumental parameters. Bruker Topspin 3.5pl7 software (Bruker BioSpin, Rheinstetten, 

Germany) was used for data collection and for spectral post-processing. Nitrogen adsorption 

and desorption isotherms were measured at 77 K using a Micromeritics ASAP 2420 system. 

The samples were degassed at 90 °C for 5 h before the measurements. Surface areas were 

calculated from the adsorption data using Brunauer-Emmett-Teller. The pore size distribution 

curves were obtained from the adsorption branches using the nonlocal density functional 

theory method. Inductively coupled plasma (ICP) spectroscopy was measured on a Jobin 

Yvon Ultima2. Before testing, the materials were digested with only concentrated nitric acid 

(for silver) or aqua regia (for palladium, gold, platinum and rhodium) on a Milestone 

digestion microwave. Gas chromatography mass spectroscopy (GC-MS) was performed on a 

Shimadzu GC-2014 equipped with a capillary column (HP-5, 30 m × 0.25 μm) using a flame 

ionization detector.  

 

1.3. Synthesis of per-(6-azido-6-deoxy)-β-cyclodextrins 



 

 
Scheme S1. Synthesis procedures and the structures of per-(6-azido-6-deoxy)-β-

cyclodextrins. 

 

Synthesis of this compound was performed by adaptation of analogues syntheses reported by 

Peter R. Ashton.(40) Using literature procedures, the natural β-cyclodextrins were first 

converted to the per-(6-iodo-6-deoxy)-β-cyclodextrin, then to per-(6-azido-6-deoxy)-β-

cyclodextrins. Scheme 1 shows the synthesis procedures and the structures of per-(6-azido-6-

deoxy)-β-cyclodextrins.  

 

In a 250 mL two round neck flask containing Ph3P (17.2 g, 65.6 mmol equiv.) and dry DMF 

(70 mL) was carefully added I2 (17.4 g, 68.7 mmol) under nitrogen over 10 min with heat 

evolution to nearly 50 °C. Dry β-cyclodextrin (5 g, 4.4 mmol) was then added to this dark 

brown solution, and the mixture was stirred at 70 °C under an atmosphere of N2 for 18 h. 

After the solution cooled down, it was then concentrated to about 30 mL under vacuum by 

DMF removal. NaOMe (80 mL, 15%wt in MeOH) was then added slowly to the reaction 

container in an ice bath, and the reaction mixture was stirred for 1 hour at room temperature. 

The reaction mixture was precipitated in MeOH (400 mL), which was washed with 300 mL 

MeOH four times and air-dried. After Soxhlet extraction with MeOH for 1 day, the product 

was removed from the Soxhlet extractor and allowed to air dry before being dried at 30 °C 

under high vacuum to give the per-(6-iodo-6-deoxy)-β-cyclodextrin with 60% yield.  

To a solution of Per-6-iodo-β-cyclodextrin (9.78 g, 5.13 mmol) in DMF (65 mL) was added 

NaN3 (3.3 g, 50.8 mmol). The resulting suspension was stirred at 60 °C under an atmosphere 

of N2 for 20 h and concentrated under vacuum to about 15 mL. Then, 900 mL of H2O was 

added. A white solid was precipitated and was filtered off carefully. The precipitate was 

washed with large amount of H2O to remove unreacted NaN3 and dried at 45 °C under high 

vacuum to give the final per-(6-azido-6-deoxy)-β-cyclodextrins with yield 94% yield. The 

structure of the compound was confirmed by FT-IR, 
1
H NMR and 

13
C NMR (fig. S1-S3).  

 

1.4. Synthesis of β-cyclodextrin polymer (CDP) and PdNPs@CDP 

We also synthesized CDP as a control, which has similar crosslinking structure but without 

1,2,3-triazolyl groups in its network. It was prepared according to literature.(22) And 

PdNPs@CDP was prepared as the procedure of PdNPs@CPN synthesis described above. 

 

1.5. General procedure of the Suzuki-Miyaura coupling reaction 

To a Schlenk tube of aryl halide (4.7 mmol), phenylboronic acid (7 mmol) and K2CO3 in 

ethanol/water solution (80 mL, 1:1), PdNPs@CPN (0.1 mol%) was added and the system was 

subsequently purged with N2 gas three times. Then, the reaction mixture was stirred with at 

certain temperature for a given time. After reaction, the the solution was filtered and analyzed 

with GC-MS to determine the yield and selectivity. 

 

 

 



 

Section S2. Characterization of CPN 

Figure S1 shows the FT-IR spectra of β-cyclodextrin, per-(6-iodo-6-deoxy)-β-cyclodextrins 

and per-(6-azido-6-deoxy)-β-cyclodextrins, respectively. The three spectra were similar, 

implying the primary structure of cyclodextrin was maintained after modification. Compared 

to β-cyclodextrin and per-(6-iodo-6-deoxy)-β-cyclodextrins, a significant peak at around 

2100 cm
-1

 appeared in the spectrum of per-(6-azido-6-deoxy)-β-cyclodextrins, which can be 

ascribed to azido groups. fig. S2 and 3 shows the 
1
H and 

13
C NMR spectra of β-cyclodextrin, 

per-(6-iodo-6-deoxy)-β-cyclodextrins and per-(6-azido-6-deoxy)-β-cyclodextrins, 

respectively. From these spectra, we can conclude that all modification just occurred in 

primary hydroxyl groups as we expected. The secondary hydroxyl groups maintained 

unchanged. 

 

Phenyl and β-CD moieties in the polymer network were distinguishable in the FTIR spectra 

of the CPN as shown in the fig. S5. After click reaction, the characteristic peak of azido 

groups at 2105cm
-1

 decreased significantly, which was coupled with the disappearance of 

characteristic peaks of the terminal alkynyl group at 3263 cm
-1

 and 2100 cm
-1

, whereas the 

new peaks of the triazolyl group appeared at 1627 and 3129 cm
-1

.(41) This confirmed the 

formation of the 1,2,3-triazolyl linkage as expected. The structure of the CPN was also 

confirmed by the solid-state 
13

C CP/MAS NMR spectra as shown in the fig. S6. The 

resonance signal at 147.4 ppm can be attributed to one of the C4-triazolyl carbons of 1,2,3-

triazolyl.(42) The peaks in the range of 50-105 ppm were attributed to the cyclodextrin 

carbon atoms and the peaks at 129 ppm were attributed to the aromatic carbon atoms. The X-

ray photoelectron spectroscopy (XPS) survey spectra showed three peaks centered at 284.6, 

399.9, and 532.2 eV, which belong to C 1s, N 1s, and O 1s, respectively (fig. S7). Further 

analysis was conducted with the N 1s high resolution spectra, which can be deconvoluted into 

two main peaks. The peak at 400.77 eV corresponded to the N2 atom of 1,2,3-triazolyl, and 

the other peak at 399.46 eV was attributed to other two N atoms (fig. S8 b).(43-45) The 

intensity ratio of the relative peak areas was close to 1:2, which is the same as the ratio of 

nitrogen content in the 1,2,3-triazolyl group. The presence of cyclodextrin was further 

confirmed by C1s high resolution spectra (fig. S8 a). The peaks at 286.1 eV and 287.26 eV 

were attributed to the C-O and O-C-O, respectively, of cyclodextrin.  

 

In addition, from the deconvolution of C1s high resolution spectra, the cyclodextrin content 

in the network can be estimated. The triazole moiety does not contain any C components 

covalently connected to O, whereas cyclodextrin does. The C1s peaks of the CPN were 

deconvoluted into 4 characteristic peaks to quantify the chemical species and approximate the 

number of triazole units per cyclodextrin.  

 

The peak centered around 286.1 eV corresponded to C-O groups and the one centered around 

287.26 eV to the O-C-O groups. Both of this peaks came from cyclodextrins. It is possible to 

estimate the number of triazole units per cyclodextrin and the weight percentage of 

cyclodextrins in the CPN based on the molecular weight of each moieties in the CPN (fig. 

S9), the number of each C components in two moieties respectively and the area of each C 

peak components as following 

 

    (1) 

 



 

                                                   (2) 

 

where SC-O, SO-C-O, SC=C and SC=N were the peak area of C-O, O-C-O, C=C and C-N 

components in C1s high resolution spectra, respectively. NC-O, NO-C-O, NC=C and NC=N were 

the numbers of each components per moiety (i.e., CD and triazole linkage), respectively. 

Mcyclodextrin and Mtriazole were molecular weight of CD moiety and triazole linkage moiety, 

respectively. 

 

For cyclodextrin moiety, it contains 7 groups of O-C-O, 28 groups of C-O; for triazole 

moiety, it contains 4 groups of C-N and 6 groups of C=C. The calculated weight percentage 

of cyclodextrin is 58.6 wt% and number of triazole per cyclodextrin is 3.41. 

 

Section S3. Characterization of PdNPs@CPN 

In the solid-state 
13

C CP/MAS NMR spectrum (fig. S13) of the corresponding intermediate, 

palladium acetate-impregnated CPN (Pd(II)@CPN), two small new peaks at 179.1 ppm and 

22.3 ppm were attributed to carbonyl and methyl carbons of the Pd(OAc)2. This finding was 

supported by the FT-IR spectra (fig. S14). The carbonyl signal relative to the acetate 

disappeared after the reduction; the spectrum became nearly the same as the plain CPN, 

implying the PdNPs formation and the structure of CPN after Pd loading was well 

maintained. With the Pd(II) reduction, the azido groups were reduced as well, as indicated by 

the peak decrease at 2105 cm
-1

, which was further confirmed by the N/C ratios measured by 

XPS. N2 gas was produced by the azido group reduction,(46) giving rise to a much more 

porous PdNPs@CPN structure. As a consequence, the BET surface area of the PdNPs@CPN 

increased to 22.8 m
2 

g
-1

. This increased the accessible surface and the number of catalytically 

active sites. After PdNPs formation, an XPS analysis was carried out to provide more insight 

into the interaction between the 1,2,3-triazolyl groups and the PdNPs. As shown in fig. S15, 

the high resolution of Pd 3d spectra demonstrated two doublets of Pd 3d3/2 and Pd 3d5/2, 

which was characteristic of metallic Pd. The 3d5/2 peaks at 335.0 and 337.1 eV were assigned 

to Pd
0
 and Pd

2+
 species, respectively. After the reduction by NaBH4, the Pd

0
 content in 

PdNPs@CPN was significantly increased compared to Pd(II)@CPN. The ratios of Pd
0
/Pd

2+
 

in Pd(II)@CPN and PdNPs@CPN were 0.54 and 5.01, respectively. In comparison with the 

N 1s XPS spectra of CPN and PdNPs@CPN, the peak of the N2 atom shifted from 400.77 eV 

to 401.09 eV, and the peak of the N1 and N3 atoms shifted from 399.46 eV to 399.54 eV. The 

slight upshift of the N 1s characteristic peaks to a higher binding energy resulted from the 

coordination of N atoms to Pd atoms.(47) In the PXRD pattern of PdNPs@CPN (fig. S16), 

broad peaks were observed, because of highly dispersed NPs. The absence of an identifiable 

diffraction peak of PdNPs implies that Pd NPs in the CPN substrate were extremely small 

because the XRD sensitivity has a size limit of ~1 nm.(48) On the other hand, a peak at 18° 

was clearly displayed for the PdNPs@CPN. This indicates that some order was induced in 

the system as a result of the reduction process. With the help of high resolution TEM (fig. 

S16 inset), a layered structure was observed with distances of 0.4 nm between each layer, 

which would correspond to a diffraction peak around 18°. 

 



 

 
Fig. S1. FT-IR spectra of β-cyclodextrin, per-(6-iodo-6-deoxy)-β-cyclodextrin, and per-

(6-azido-6-deoxy)-β-cyclodextrins. 

 



 

 
Fig. S2. 

1
H NMR spectra of β-cyclodextrin, per-(6-iodo-6-deoxy)-β-cyclodextrin, and 

per-(6-azido-6-deoxy)-β-cyclodextrins in DMSO-d6. 

 

 



 

 
 

Fig. S3. 
13

C NMR spectra of β-cyclodextrin, per-(6-iodo-6-deoxy)-β-cyclodextrin, and 

per-(6-azido-6-deoxy)-β-cyclodextrins in DMSO-d6. 

 

 



 

 
Fig. S4. Photo of as-prepared CPN. (Photo Credit: Tiefan Huang, KAUST) 

 

 
Fig. S5. FT-IR spectra of 1,4-diethynylbenzene, per-(6-azido-6-deoxy)-β-cyclodextrins, 

and CPN. 

 

 



 

 
Fig. S6. Solid-state 

13
C CP/MAS NMR spectrum of CPN. 

 

 
Fig. S7. XPS survey spectrum of CPN. 

 



 

 
Fig. S8. High-resolution XPS spectra of CPN. (A) C 1s and (B) N 1s spectra. 

 

 
Fig. S9. Molecular weight of each moiety in the CPN. 

 
Fig. S10. PXRD patterns of CPN. 



 

 
Fig. S11. TGA curve of β-cyclodextrin and CPN. 

 

 

 
Fig. S12. Photos of CPN impregnated with Pd

2+
. (A) Before and (B) after reduction. 

(Photo Credit: Tiefan Huang, KAUST) 

 

 

 



 

 
Fig. S13. Solid-state 

13
C CP/MAS NMR spectra of Pd(II)@CPN and PdNPs@CPN. 

 
Fig. S14. FT-IR spectra of Pd(II)@CPN and PdNPs@CPN. 

 

 



 

 
Fig. S15. High-resolution XPS spectra of CPN, Pd(II)@CPN, and PdNPs@CPN. (A) N 

1s spectra for CPN and PdNPs@CPN; (B) Pd 3d spectra for Pd(II)@CPN and PdNPs@CPN. 

 

 
Fig. S16. PXRD patterns of Pd(II)@CPN, PdNPs@CPN, Pd black, and Pd(OAc)2, inset: 

high resolution TEM image of PdNPs@CPN. 

 

 



 

 
Fig. S17. TEM images of PdNPs@CDP. 

 

 
Fig. S18. TEM images of unsupported Pd NPs. 

 



 

 
Fig. S19. Photos of CPN impregnated with various metal ions and after reduction 

treatment. (A) Ag(I)@CPN, (B) AgNPs@CPN, (C) Pt(II)@CPN, (D) PtNPs@CPN, (E) 

Au(III)@CPN, (F) AuNPs@CPN, (G) Rh(III)@CPN and (H) RhNPs@CPN. (Photo Credit: 

Tiefan Huang, KAUST) 

 

 



 

Fig. S20. TEM images of various metal NPs@CPN. (A) AgNPs@CPN, (B) PtNPs@CPN, 

(C) AuNPs@CPN and (D) RhNPs@CPN. 

 

 
Fig. S21. EDS mapping of various metal NPs@CPN. a) AgNPs@CPN, b) PtNPs@CPN, c) 

AuNPs@CPN and d) RhNPs@CPN. 

 

 
Fig. S22. Recyclability of the Pd/C for three cycles of 4-NP reduction reactions. 



 

 
Fig. S23. TEM image of PdNPs@CPN after seven reaction cycles. 

 

Table S1. Synthesis of CPN using different monomers and ratios. 

Entry β-CD-N3 
1,4-

diethynylbenzene 

1,3,5-

triethynylbenzene 
Crosslinking 

Chemical 

stability 

1 1 1.5 - × - 

2 1 3 - √ √ 

3 1 3.5 - √ √ 

4 1 - 3 √ × 

5 1 - 1.5 × - 

 

Table S2. Weight percent of respective metal in various metal NPs@CPN. 

 Precursor 
Molecular 

weight g/mol 

Impregnation 

concentration 

mmol/L 

Metal loading 

wt% 

PdNPs@CPN Pd(OAc)2 224 5 6.0 wt % 

AgNPs@CPN AgOAc 177 5 2.7 wt% 

PtNPs@CPN K2PtCl4 415 2.5 5.1 wt% 

AuNPs@CPN HAuCl4 340 1 10.3 wt% 

RhNPs@CPN RhCl3 209 5 1.3 wt% 

 

 

 

 

 

 

 

 



 

Table S3. Catalytic activity test of PdNPs@CPN in the Suzuki-Miyaura coupling 

reaction. 

 

Entry Aryl halides 
Temp 

(degree) 

Time 

(h) 

Yield 

(%) 

1 

 

70 1 >99 

2 

 

40 1 >99 

3 

 

RT 1 70 

 

 

RT 3 97 

 

 

RT 24 >99 

4 

 

40 1 >99 

5 

 

40 1 88 

 

 

40 3 92 

 

 

40 24 97 

6 

 

40 1 77 

 

 

40 24 96 

7 

 

40 1 >99 

8 

 

40 1 30 

 

 

40 24 62 

 

 

 

 

 

 

I

I

I

I

I

Br

IHO

IHO

IHO

BrHO

BrHO

I

O

Cl

Cl



 

Table S4. Metal NPs supported on various substrates. 

Substrate Metal Particle size Metal loading 

Porous Organic Polymers Pd 4 nm 3.0–4.4 wt% 

Porous Organic Polymers Pd 2.7–8.2 nm 2.2 wt% 

Porous Organic Polymers Pd 3.7 nm  

Porous Organic Polymers Pt 4.5 nm  

Porous Organic Polymers Pd 1.5nm 2.3 wt% 

Porous Organic Polymers Au 3.4–4.5 nm 0.1–0.6 wt% 

Porous Organic Polymers Pd 3 nm 9 wt% 

Porous Organic Polymers Ru 1.5–4.0 nm 0.58–1.8 wt% 

Porous Organic Polymers Pd 6.7 nm 3 wt% 

Porous Organic Polymers Pd 1.4 nm 4.2 wt% 

Porous Organic Polymers Pd 1.39 nm 6.8 wt% 

Porous Organic Polymers Pd 2 nm 0.35 wt% 

Covalent Triazine 

Framework 
Pd 3.08 nm 1 wt% 

Covalent Triazine 

Framework 
Pd 3.1 nm 1% wt% 

Covalent Triazine 

Framework 
Pd 3 nm 2.05 wt% 

Microporous Organic 

Network 
Pd 

2 nm 

 
8.7 wt % 

Nanoporous organic 

frameworks 
Au 2.8 nm 2.0 wt% 

Microporous Organic 

Networks 
Pd 3 nm 11.2 wt % 

Conjugated microporous 

polymer 
Au 3 nm 1.88 wt% 

Conjugated porous 

polymer network 
Pd 4 nm 0.1 mol % 

Conjugated microporous 

polymer 
Pd 1–3 nm 4.1–11.0 wt% 

Covalent organic 

polymers 
Pd 1.1 nm 5 wt% 

Porous covalent imine 

network 
Pt 8–10 nm 0.60 wt% 

Porous Coordination 

Polymers 

 

Pd 1.5 nm 2.61 wt% 

Pt 1.5 nm 1 wt % 

Conjugated microporous 

polymer 
Ag 3.9 nm 0.73 wt % 

Triptycene polymer Pd 3.2 nm 3.0 wt% 

MIL-100(Fe) Pd 4–6 nm 1.57 wt% 

MOF-5 Pd  1 wt% 

MIL-101(Cr) Pt 4 nm 1 wt % 

MCM-41 Pd 100 nm 1 wt% 

NH2-MIL-125 Pd 3.1 nm 0.5 wt % 

MIL-101 Pt 1.8 nm 2 wt % 

ZIF-8 Pd   

ZIF-8 AuNi 1.8 nm  



 

ZIF-8 Pt 2.5 nm 3.5 wt% 

COF Pt 1.70 nm 37 wt% 

 Pd 1.78 nm 26.3 wt% 

COF Ru 2–5 nm 4.1 wt% 

COF-LZU1 Pd 1–2 nm 7.5 wt% 

boron imidazolate 

framework 
Ag 10 nm 3.19 wt% 

Zeolite Pd 0.9–3.1 nm 0.42 wt% 

Zeolite 
Pd 

 
3–11 nm 0.32–0.35 wt% 

Zeolite Pd 1.3 nm 1 wt% 

Zeolite Pt 0.5–2 nm 0.8 mol% 

Zeolite Pt, Rh 1.3−1.7 nm 1.01–1.55 wt% 

Zeolite 

Pt 

Pd 

Ru 

Rh 

1.7 nm 

1.7 nm 

1.4 nm 

1.6 nm 

0.86 wt% 

0.85 wt% 

0.4 wt% 

0.24 wt% 

Zeolite Pt 3 nm 0.8 wt% 

Silica Pd 2 nm 0.8 wt% 

Silica Pd 5.4 nm 6.00 wt% 

Mesoporous silica-

magnetite 
Pd 1–3 nm 1.84 wt% 

Silica−cyclodextrin 

substrate 
Pd 3–10nm 2.25 wt% 

CNT CoPd 3.63 nm  

GO Pt 2–3 nm  

Active carbon Au 2.98 nm 1 wt% 

 Pd 3.94 nm 1 wt% 

Mesoporous carbon Ru 1–2 nm 2.7 wt% 

Mesoporous carbons Pd 1.2 nm 8.6 wt % 

Porous carbon Pd 2.3 nm 4.62 wt% 

Calcined chitin 

Microspheres 
Pd 1–3 nm 0.37–6.6 wt% 

Graphene Pd 1.65 nm  

Graphene Pt 2.2 nm 21 wt % 

 Au 3.4 nm 18.5 wt% 

 Ag 9 nm  

Porous N-doped carbon Pd 4.45 nm 18.75 wt% 

Graphene oxide Pd 18 nm  

Molecular Cage Pd ∼1.8 nm 40 wt% 

Molecular cage PtPd  10 wt% 

cellulose Ag 5 nm  

beta-Cyclodextrin porous 

polymer 
Au 10 nm  

Cyclodextrin polymer Au 34.2 ± 7.7 nm  

CPN 

Pd 0.9 nm 6.0 wt% 

Ag 0.5 nm 2.7 wt% 

Pt 0.9 nm 5.1 wt% 

Au 0.9 nm 10.3 wt% 

Rh 0.9 nm 1.3 wt% 



 

Note: The references for this table can be obtained from the authors.  
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