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Rhacophorus nigropalmatus
R. tunkui

Theloderma licin
Nyctixalus pictus

Microhylidae
Microhyla heymonsi
Kalophrynus
pleurostigma

REPTILIA

LIZARDS

Agamidae

Aphaniotis fusca
Bronchocela cristatella
Draco (volans) sinnatramis

D. melanopogon

D. maximus
Gonocephalus grandis
G. bellii

Scincidae
Eutrophis multifasciata
E. refigera

Gekkonidae

Geklo smithii
Cyriodactylus consobrinus
C. quadrivirgatus

Varanidae
Varanus salvator

SNAKES
Pythonidae
Python reticulatus

Colubridae
Ahaetulla prasina
A. mysterizans
Calamaria gimletti

Boiga dendrophila
Dendrelaphis caudolineatus
D, formosus

D. pictus

Gonysoma oxycephalus
Xenochropus tricoguligera
Lycodon subcinetus

Viperidae

Parias hageni
Tropidolaemus wagleri
TURTLES

Trionychidae
Dogania subplana

—_

5(2)

—— b

— B

2

S(1)

(1)

Branches of small trees near forest trail
Branches of small tree along trails. (1 VSC)
Tree trunk near nesting hole. (2 VSC)

On branch near stream. (1 VSC)

Forest trail. Released.
Forest floor near puddies. (1 VSC)

Branches of small plants. Released.

Branch of small plant. Released.

On tree trunk, using blow pipe by orang asli. (1
VS(C)

(1 VSC)

(1 VSC)

On tree trunk near forest stream. Released.

On tree trunk in forest (1 VSC)

On forest floor. Released.
On forest floor. (1 VSC)

On tree trunks. Released.
On tree trunks. Released.
On tree trunks. (1 VSC)

On forest floor

In forest stream

On tree branches

On tree branches along trail. Released.

On forest floor under dead log. Released, (1
VSC).

On tree branches near forest streams. Released.

On tree branch. Released.
On tree branch. Released.
On tree branch. Released.

On tree branches along forest stream. Released.

Along forest stream. Released,
Bark of tree. (1 VSC)

On branches of plants in forest. Released.
On bamboo tree. Released.

Stream by camp in area A and adjacent Sg.
Lallang FR. Released.

NP
NP
NP
NP

NP
NP

NP
NP

NP
NP
NP
NP

NP
NP

NP
NP
NP

NP
NP
NP

NP
NP
NP
NP
NP
NP
NP

NP
NP

NP




Bataguridae

55  Hosesemys spinosa - 1 On forest floor along trail NP
Total no. of species 41 37 .
Number of individuals 115 73 8
3
8
Q.
Appendix 2. Volant and non-volant mammal species examined and sighted in Broga and Sungei Lallang Forest Lo
Reserve, Hulu Langat during May and September 2003. MN & N: Mist net and Harp-trap; T: rat trap; S: Sighted; )
FP: Footprints; Q: Quills; P: Protected; TP: Totally protected; NP: Not protected; V: Vocalisation. 5
No. Family/Species Methods Broga Sg.Lallang  Legal Remarks Q
FR FR status 8_
INSECTIVORA )
Erinaceidae g“
1 Echinosorex gymnurus T/8 1 1 NP Swamp & forest stream. Released. 8
o
PHOLIDOTA S
Manidae 3
2 Manis javanica S - 1 TP Forest trail =
I
DERMOPTERA =
Cynocephalidae —8
3 Cynocephalus variegatus S - 2 TP Resting at tree branches. ﬁ
[N
SCANDENTIA =)
Tupaiidae 8
4. Tupaia glis T 2 1 NP Forest floor. Released. C—:
5 T minor T - 1 NP On fallen log. Released. OO
“?J
CHIROPTERA 8
Pteropodidae
6 Cynopterus brachyotis MN 7 5 NP Released
7 C. horsefieldii MN 4 3 NP «
g Penthetor lucasi MN 1 5 NP *
9 Balionycteris maculata MN 4 7 NP “
10 Chironax melanocephalus MN 1 5 NP “
11 Megaerops ecaudatus MN 3 4 NP (2VSQC)
12 Macroglossus sobrinus MN 1 4 NP (1VSC)
13 Eonycteris spelaea MN 4 8 NP Released
Emballonuridae
14 Emballonura monticola HT 1 4 NP {1 V8C)
Nycteridae
15 Nycteris javanica MN I 1 NP (1 V8C)
Megadermatidae
16 Megaderma spasma MN 1 2 NP (1 VSGC)
Rhinolophidae
17 Rhinolophus affinis MN 1 2 NP (I VSC)
18 R.stheno HT - 5 NP (1 VSC)
19 R.macrotis HT 7 10 NP (2VSQC)
20 R trifoliatus MN 2 - NP Released
21 R lepidus HT 3 4 NP {1 VSC)
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R, luctus

Hipposideridae
Hipposideros bicolor
H. galeritus

H. ridlevi

H. cervinus

H. armiger

H. larvatus

H. diadema

Vespertilionidae
Myotis muricola
Tvlonycteris robustula
Pipistrellus tenuis
Glischropus tvlopus
Murina suilla
Kerivoula minuta

K. intermedia

K. papillosa

Molossidae
Tadarida mops

PRIMATES
Lorisidae
Nycticebus concang

Cercopithecidae
Macaca fascicularis

M. nemestrina
Semnopithecus obscurus
Prebystis femoralis

Hylobatidae
Hylobates lar

RODENTIA

Sciuridae

Ratufa bicolour
Callosciurys notatus

C. caniceps

C. nigrovittatus
Sundasciurs tenuis

8. lowii

Rhinosciurus laticaudatus
Lariscus insignis

Pteromyidae
Petaurista petaurista
lomys horsefieldii
Hylopetes spadicus

Hystricidae
Hystrix braciyvura

HT
HT
HT
HT

MN

HT
HT
HT
HT
HT
HT
HT
HT

HT

innwn

HAAaA =0

- -

—

(= e B N T S S Y

LS

Po—m = p —

[ R

W o B W R RS

NP

NP
NP
NP
NP
NP
NP
NP

NP
NP
NP
NP
NP
NP
NP
NP

NP

TP

)

TP
TP

TP

TP
NP
NP
NP

NP
NP
NP

TP
TP
TP

P

Released

(2 VSO
{1 v30)
{1 V8O
(1 V8C)
Released
Released
Released

(1VSO)
Released
(1V80)
Released
(1 VSQO)
(1VSC)

Released

On branch of trees

On branch of trees
On forest floor
On canopy

On canopy

Mormning & late evening

Canopy

On forest floor, Released.
Released

Released

On forest floor

On forest floor

On forest floor

On forest floor

Resting on tall tree,

Resting on tree in the undergrowth
On tree-branch in the undergrowth

Collected on torest floor




Muridae

37 Rattus tiomanicus T 5 - NP Forest floor
58 Sundamys muelleri T 6 4 NP “ o
59  Leopoldamys sabanus T 2 6 NP * O
60  Niviventer cremoriventer T i 4 NP * —Q_j
61 Mavomys surifer T 2 7 NP * Q
62 M rajah T 1 1 NP« i~
63 M whiteheadi T l 1 NP [“A;‘
=
CARNIVORA g
Mustelidae ©
64  Mustela nudipes S | - TP Forest stream %
65  Aonyx cinerea S 1 - TP Forest stream Q.
&
Viveridae g‘
66  Prionodon linsang S - 1 TP Forest floor g
67  Paradoxurus S/T 2 2 P Tree branches. Released. o)
hermaphroditits @
68  Actogalidia trivirgata T - 1 TP Tree branches. Released. 5
>
Herpestidae ™
69 Herpestes brachyurus T - 1 TP Forest floor §
S}
Felidae Q
70 Prionailurus bengalensis S i 2 TP Forest fioor ~
71 P. planiceps S 1 - TP Forest stream 8
X2
ARTIODACTLYA o
Suidae %
72 Sus scrofa FP + + P Forest floor B
O
Tragulidae
73 Tragulus javanica shot 2 - P by Orang asli
74 T napu Shot - 1 P by Orang asli
No. of spp. - 47 66 -
No. of individuals 93 169

Appendix 3. List of birds recorded in the Broga and Sg Lallang Forest Reserve, Hulu Langat during May and
September 2003. R: Resident; R &M: Resident and Migrant; M: Migrant; LR(nt) Near Threatened; VU: Vulnerable;
P: Protected; TP: Totally Protected; NP: Not Protected.

No. Species Status  Study area Conservation concern
Broga FR. Sg. Lallang FR  Malaysian Globally

PHASIANIDAE

1 Gallus gallus R + - P _

2 Argusianus argus R - + TP LR(nt)
PICIDAE

3 Sasia abnormis R - + TP _

4 Celeus brachyurus R + + TP _

5  Picus miniaceus R + + TP B

6 Picus punicens R - + TP _

7 Blythipicus rubiginosus R + + TP
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Meigivptes tristis
Meiglvptes tukki
Hemicircus concrefus

MEGALAIMIDAE
Megalaima chrysopogon
Megalaima mystacophanos
Megalaima australis
Calorhamphus fuliginosus

BUCEROTIDAE

Butceros rhinoceros
Buceros vigil
Anorrhinus galeritus
Aceros comatus
Aceros undulates

TROGONIDAE
Harpactes diardlii
Harpactes duvaucelii

ALCEDINIDAE

Alcedo ewryzona
Ceyx rufidorsa

HALCYONIDAE

Lacedo pulchella
Actenoides concretus

MEROPIBAE
Nyctyornis amictus
Merops viridis

CUCULIDAE
Cuculus micropterus
Cacomantis sonneratii
Cacomantis merulinus
Cacomantis sepulcralis

Chrysococeyx xanthorlynchus

Surniculus fugubris
Cuculus fugax
Phaenicophaeus diardi

Phaenicophaeus chloraphaeus

Phaenicophaeus javanicus
Phaenicophaeus curvirostris

CENTROPODIDAE
Centropus sinensis

PSITTACIDAE
Loriculus galgulus

~ R R AR R R ==

~ A

R&M

R&M

AR A

R&M
R&M

o x

S

+

+ o+ o+ o+

+ + 4+ o+

+

R

+ o+ o+ o+

TP
TP
TP

TP
TP
TP
TP

TP
TP
TP
TP
TP

TP
TP

TP
TP

TP
TP

TP
TP

TP
TP
TP
TP
TP
TP

TP
TP
TP
TP

TP

LR(n()

LR(nt)

LR(nt)
LR(nt)

LR(nt)

LR(nt)
LR(nt)

VU

LR(nt)

LR{nt)
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58
59
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61
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63
64

66
67
68
69

APODIDAE
Rhaphidura leucospygialis
Cypsiurus balasiensis

Apus affinis

HEMIPROCNIDAE

Hemiprocne longipennis
Hemiprocne comala

STRIGIDAE

COtus bakkamoena
BH[)D sumaitirana

BATRACHOSTOMIDAE
Batrachostomus javensis

CAPRIMULGIDAE
Caprimulgus macrurus

COLUMBIDAE
Chalcophaps indica
Treron vernans
Treron curvirostra

ACCIPITRIDAE
Spilornis cheela
Spizaetus cirrhatus
Spizaetus alboniger

FALCONIDAE

Microhierax fringillarius

EURYLAIMIDAE
Calyptomena viridis
Eurylaimus javanicus
Euvrylaimus ochromalus
Corydon sumaitranus

IRENIDALE

Irena puelia

Chloropsis sonnerati
Chloropsis eyanopogon
Chloropsis cochinchinensis

LANIIDAE
Lanius tigrinus

CORVIDAE
Coracina fimbriata
Pericrocotus flammeus
Pericrocolus igneus
Hemipus picatus

AR R

A AR

R AR

Z R A

AR

+

+ +

+

+ o+

+

+
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+ o E
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36
87
88
39
90
91
92
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94
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99
100

101
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103

104
105

Hemipus hirundinaceus

CORVIDAE

Dicrurus paradiseus
Terpsiphone paradisi
Aegithina viridissima
Aegithina lafresnayei
Philentoma pyrhopterum
Tephrodornis gularis

MUSCICAPIDAE

Eumyias thalassina
Copsychus saularis
Copsychus malabaricus
Enicuwrus ruficapillus

STURNIDAE
Gracula religiosa

SITTIDAE
Sitta frontalis

PARIDAE
Melanochlora sultanea

HIRUNDINIDAE
Hirundo rustica
Hirundo tahitica

PYCNONOTIDAE
Pycnonotus atriceps
Pycnonotus melanicterus
Pyenonotus squamatus
Pycnonotus cyaniventiis
Pyenonotus finlaysoni
Pycnonotus plumosus
Pyenonotus simplex
Pycnonotus brunneus

Pycnonotus erythropthalmos

Alophoixus bres

Alophoixus phagocephalus

Tricholestes criniger
lole olivacea

Ixos malacensis
Hemixos flavala

CISTICOLIDAE
Prinia rufescens
Prinia flaviventris
ZOSTEROPIDAE
Zosterops everili

SYLVIIDAE
Orthotomus sutorius
Orthotomus atrogularis

R

M

R R R

AR A m

ARAARI IR AR ARAARARR A~ R

~ A

+ + v+

-+

+ + +

o T R S s +

+

ok o+ o+

+

+ ot

R

TP

TP
TP
TP
TP
TP
TP

TP
NP

TP

TP

TP

TP
TP

TP
TP
TP
TP
TP
TP
TP
TP
TP
TP
TP
TP
TP
TP
TP

TP
TP

TP

TP
TP

LR(nt)

LR(nt)
LR(nt)

LR(nt)
LR(nt)




106 Orthotomus sericeus R - + TP _
107  Phylioscopus borealis M - + TP _
108 Phylloscopus coronatus M - + TP _ —
109 Abroscopus superciliaris R - + TP _ 8
110 Malacocincla malaccensis R - + TP LR({nt) 3
111 Malacocincia sepiarium R - + TP _ 2
112 Pellorneum capistratum R - + TP B %
113 Malacopteron magnirostre R - + TP _ 4
114 Stachyris poliocephala R - + TP _ o)
115 Stachyris maculata R - + TP LR(nt) ‘;3\
116 Stachyris erythroptera R - + TP _ g
117 Macronous gularis R + + TP " 3
118  Macronous ptilosus R + + TP LR(at) S[
119 VYuhina zantholeuca R - + TP _ §

NECTARINIDAE 3
120 Prionochilus maculatus R - + TP _ g
121 Prionochilus percussus R - + TP _ =
122 Dicaeum chrysorrheum R - + TP _ 3
123 Dicaeum trigonostigma R + + TP . >
124 Dicaeum concolor R - + TP _ (_b_!
125  Anthreptes simplex R + + TP _ 3
126 Aunthreptes rhodolaema R - + TP LR{nt) g
127 Anthreptes singalensis R - + iV _ “
128  Hypogramma hypogrammicum R - + TP _ B
129 Anthreptes temminckii R - + TP - %
130 Arachnothera longistra R + + TP _ —
131 Arachnothera flavigaster R - + TP B o
132 Arachnothera chrysogenys R - + TP _ 9.3
133 drachnothera affinis R + + TP _ O
134 Arachnothera robusta R + + TP - o

ESTRILDINAE
135 Lonchura striata R + - NP -~

Total species at site 78 121
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Abstract

Two female specimens of Gasteracantha crucigera Bradley, 1837 were collected around the

Eucalyptus Camp in Maliau Basin, Sabah, Malaysia in 2006. This spiny-backed orb-weaver is a new record
for Sabah and Borneo. Its occurrence in Peninsular Malaysia (then Malaya} was documented in 1944. Three
other species of Gasteracantha — G. diardi (Lucas, 1835), G. doriae Simon, 1877 and G. sturi (Doleschall,
1857) — were also found in the Maliau Basin. Gasteracantha sturi is a new record for Malaysia and Borneo,

Keywords

INTRODUCTION

Spiders of the genus Gasteracantha Sundevall, 1833
are commonly known as spiny-backed orb-weavers
and spiny orb-weavers because of the prominent
spines on their abdomen. They are beautiful spiders
with a hard flat abdomen ormamented with lateral
spines and dorsal sigillae. Their spinnerets are
elevated and enclosed by a thick flange.

Current taxomomic classification lists some
69 species of Gasteracantha in the world [1]. We
report here the finding of Gasferacantha erucigera
Bradley, 1837 in Maliau Basin, Sabah, Malaysia
and an overlooked publication [2] regarding the
occurrence of this species in Peninsular Malaysia.
Other Gasteracantha species encountered in the
Maliau Basin are highlighted.

MATERIALS AND METHODS

A scientific expedition to the Maliau Basin, Sabah,
Malaysia was organized by the Academy of Sciences
Malaysia and Sabah Foundation on 18-23 April 2006.
The study site was around the Eucalyptus Camp,
situated at N 04° 52" 18, E 116° 49" 35" and north-

Malaysia, Borneo, Araneae, Araneidae, Gasteracantha, new records

west of the Maliau Basin Conservation Area (MBCA)
[3]. This area is about 950 m to 1000 m above sea
level. The vegetation comprises lower montane forest
and heath forest.

Spiders when encountered were photographed and
where necessary were collected and preserved in
ethanol. They were later identified using existing
literature [e.g. 4, 5] and confirmed by H. Ono.

RESULTS AND DISCUSSION

Two female specimens of G. crucigera were
encountered in the Maliau Basin — one specimen in
the lower montane forest near the stream close to the
camp site, and another specimen in the heath forest
near the helipad (locations as indicated in [3]).
Gasteracantha crucigera had been referred to in
earlier literature as Gasteracantha crepidiphora O.
Pickard-Cambridge, 1879 and Gasteracantha similis
Kulezyfiski, 1911 [1]. In practically all the current
literature, it is stated to occur only in New Guinea
i1]. An old publication [2] reporting the occurrence of
this spiny-backed orb-weaver in Peninsular Malaysia,
Java and New Guinea appears to have gone unnoticed.
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The 1944 paper by Kayashima [2] documented
five specimens of G. crucigera from Peninsular
Malaysia (Malaya then) - two specimens from Mount
Ophir (now Gunung Ledang), Johor (collected by H.
C. Abraham on 20 September 1920), one specimen
from Gunung Tahan, Pahang {collected by W. A,
O. Edward on 20 December 1921), one specimen
from Gunung Kenering, Perak (collected by H. C.
Abraham on 4 June 1924), and one specimen from
Wray’s Hill, Perak (collected by H. C. Abraham on
8 May 1932). However the specimens could not be
located now. The carapace (cephalothorax) of these
specimens measured 3.8-4.5 mm long and 3.1-4.0
mm wide, while the abdomen measured 5-7 mm long
and 7-9.6 mm wide.

According to Izumi Kayashima’s decription (in
Japanese), pp. 9-10, G. crucigera (Fig. 1) possesses
the following characteristics —

Carapace; Head is strongly raised and thorax is
low and almost covered by the anferior edge of
abdomen. Eyes eight in number and respectively on
eye-tubercles, both anterior and posterior median
eyes are sitnated in the centre of anterior edge of
the head, while the lateral eyes are in the sides of
the head. Chelicera very strong basally, furnished
with six teeth on promargin of fang furrow, in
order of their size, 5, 4, 3, 2, 1, 6, and five teeth
on the retromargin, 5, 4, 3, 2, 1. Maxillae long
rectangular, both the inner margins separated
from each other wider apically. Labium is almost
triangular. Sternum cuneiform, both the lateral
margins round, a pair of pointed tubercles present
in the anterior comners and two pairs of tubercles
present in the middle of both lateral margins, the

Figure 1. Gasteracantha crucigera, drawing
by 1. Kayashima (1944).

posterior end of sternum pointed and extending
between coxae of legs I'V. Legs shortin comparison
with the body size.
Abdomen: Trapezoid in dorsal view, the anterior
margin halfthe width of the posterior margin, eight
pairs of sigillae arranged as follows: the first pair
on the anterior edge, the second pair in the corners,
the third to the fifth pairs on lateral margins, the
sixth to eighth pairs on the posterior margin. The
anterior lateral apophysis of abdomen is small,
the posterior lateral apophysis basally thick, with
a curved spine distally, and the posterior median
apophysis much larger and longer than the anterior
lateral one. Abdomen inverted isosceles triangle in
posterior view, with four horizontal ridges parallel
to the posterior margin, and the posterior median
apophyses appear between the first and the second
ridges. Spinnerets cylindrical, extending vertically
and siteated at the apex of triangle.
Coloration: Carapace blackish brown, lighter
along the anterior margin, chelicerae, maxillae
and labium reddish brown, sternum reddish brown
with yellowish brown tubercles looking like six
spots along the margin. Palps and legs reddish
brown, respectively darker distally. Abdomen
light yellow dorsally, with reddish black sigillae
and shiny black apophyses, venter dirty yellow
with shiny black spinnerets.

The present finding of G. crucigera (Figs. 2, 3)
in the Malaiau Basin, Sabah is the first record of
this species in Borneo. In addition to G. crucigera,
three other Gasteracantha species — G. diardi
{Lucas, 1835), G. doriae Simon, 1877 and G sturi
{Doleschall, 1857) — were also found in the Maliau
Basin. Gasferacantha diardi and G. doriae oceur in
Peninsular Malaysia as well as Borneo [2]. The other
species, G. sturi has been recorded to occur only in
Sumatra, Java and Moluccas [1]. It is therefore a new
record for Malaysia and Borneo.

Inadditionto G. crucigera, eight other species were
reported by Kayashima [2] — G. arcuata (Fabricius,
1793), now placed under the genus Macracantha
Simon, 1864; G. cuspidata C. L. Koch, 1837; G.
diardi (Lucas, 1835); G. dorice Simon, 1877; G.
hasselti C. L. Koch, 1837; G. kuhii C. L, Koch, 1837;
G. mammosa C. L. Koch, 1844, now placed under
Thelacantha brevispina (Doleschall, 1857); and G.
mengei Keyserling, 1864,

In recent years many new species and new records
have been added to the spider fauna of Malaysia [e.g.




Figure 2. Gasteracantha crucigera from Maliau
Basin, Sabah, Malaysia.

6-10]. Our materials at hand indicate that many more
are yet to be documented.
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ABSTRACT  Hulu Langat is located in Selangor, Peninsular Malaysia. The depletion of flora and fauna
diversity has always been associated with the developments of infrastructure and urbanization. The present
study was conducted to study the diversity of butterfly (Lepidoptera) of different habitats in Hulu Langat. The
sampling of the butterfly was carried out from December 2008 until April 2009 at three habitats comprising
of forested area (Gunung Nuang), recreational area (Sungai Congkak) and residential area (an indigenous
village). A total of 598 individuals of butterflies belonging to 5 families and 102 species were recorded. The
families recorded in this sampling are Hesperiidae, Lycaenidae, Nymphalidae, Papilionidae and Pieridae. The
family Nymphalidae represented by 47 species (46.1%) was the most species rich family. In term of location,
the forested area had the highest number of species {69 species), followed by recreational area (42 species)
and residential area (33 species). The Shannon-Weiner index of species diversity of forested area was 3.74,
followed by recreational area (H'=3.40) and residential area {H'=2.38). The species Evenness (E’) of the
forested and recreational areas was relatively higher compared to residential site. The species diversity and

evenness of the sampling areas were discussed in this paper.

Keywords

INTRODUCTION

Butterfly is regarded as the most beautiful insect
belonging to the order Lepidoptera, which also
includes the moths. They are remarkably different
from the other insects by their impressive coloration
pattern and the body is fully covered by scales. There
are about 15,000 species of butterflies (Rhopalocera)
worldwide [1, 2]. Of this, about 1031 species are
represented in Peninsular Malaysia [3]. Butterfly can
be categorized into 5 families; Papilionidae, Pieridae,
Nymphalidae, Lycaenidae, and Hesperiidae [3].
Butterflies can be beneficial or harmful insects. The
beneficial butterflies comprise pollinators, predators
and bioindicators of habitat quality [1, 4]. Many of the
butterflies have high aesthetic value such as the Malay
Lacewing (Cethosia hypsea). Due to this, butterflies
have been collected as souvenirs for tourists and trade
via internet by international collectors. The wildlife
protection act is not comprehensive in protecting

butterfly — diversity — similarity — habitat

butterflies from overexploitation. For instance, only
one species Trogonoptera brookiana is listed as
protected species.

The butterflies coexist with the flora of an in-
situ habitat. Changes in environment can affect the
presence of butterflies. They are sensitive towards
any changes in the environment {2, 5]. Ecosystem
degradation can cause depletionin butterfly population
[2]. The degradation of an ecosystem is usually due to
logging activity, overgrazing and conversion of forest
area into agriculture. Studies were done on butterflies
to monitor the environment quality [6, 7]. In this
paper, we attempt to study the diversity of butterflies
in different habitats in Hulu Langat, Selangor.

MATERIALS AND METHODS

Collecting
Sampling of the butterfly in Hulu Langat was
conducted from December 2008 until April 2009,
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Sampling was done for two days duration of 4
replicate samplings at respective sampling site, and
by two collectors. Collecting of butterfly was
conducted by using a 30 cm diameter sweep net.
Samplings were done in the moring from 9.00 a.m.
to 1.00 p.m. and in the afternoon from 2.00 p.m.
to 4.00 p.m. per day. All collected specimens were
identified to species using available literature
[1, 3, 8], and were deposited at the Center of Insects
Systematics, Universiti Kebangsaan Malaysia.

Sampling sites

Forested area

This site is an undisturbed area consisting of
dipterocarp forest of the Gunung Nuang Forest
Reserve. Its summit marks the meeting point of
three Malaysian states, Negeri Sembilan, Pahang
and Selangor. There are three hiking routes to the
peak — Kuala Pangson in Hulu Langat, Kampung
Kemensah in Gombak and Bukit Tinggi in Bentong.
The sampling site is located at 03° 12,593’ N, 101°
50.607°E (Fig. 1).

Recreational area

This site is located adjacent and along the Congkak
River and is a disturbed area with recreational activity
and artificial landscapes. This recreation area consists
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Figure 1. Location of study site: Forested area/
Gunung Nuang (S1), Recreational area/Sungai
Congkak (82), residential area/village (S3).

of small patches of lowland dipterocarp forest. It is
located at 03° 12.930° N, 101° 53.022’E and about 13
km away from Gunung Nuang (Fig. 1).

Residential area

The third site is located near the indigenous village,
Hulu Langat, Selangor (Fig. 1), situated at 03° 12 45°N
and 101° 51.56’E. There were some orchards of mango
and rambutan, and small vegetable farms run by the
villagers.

Data analysis

The total number of individuals for each species was
recorded. Analyses of Shannon-Weiner diversity index
(H?) and species evenness index (E’) were computed
by using GW Basic Statistical Program [9].

RESULTS

A total of 598 individuals of 102 species of
butterflies belonging to five families were
recorded — Hesperiidae, Lycaenidae, Nymphalidae,
Papilionidae and Pieridae. Table 1 shows the number
of individuals and species, and their percentage in
each family. Based on the number of individuals,
the dominant families were constituted of
Nymphalidae (48.7%) followed by Pieridae (30.3%),
Lycaenidae (13.1%) and Hesperiidae (4.1%), and
the least was Papilionidae (3.8%). On the species
diversity, Nymphalidae was the most species rich
family, represented by 46.1%, followed by Pieridae
(17.6%), Lycaenidae (13.7%) and the least was
Papilionidae which was represented by 9.8% of the
total of 102 species (Table 1).

The residential area yielded the most number
of butterfly with 307 individuals and the second
was the forested area by 196 individuals (Table 2).
Iptima ceylonica, the common three ring butterfly
was the most dominant in number of individuals with
89 individuals of the total. Forty five species were
represented by only one specimen each,; this included
the banded swallowtail butterfly Papilio demolion
and the great egg-fly butterfly Hypolimnas bolina.

The number of species also differed among the
sampling habitats with the most number of species
collected from the forested area with a total of 69
species followed by recreational area (42 species)
and residential area (33 species). The Shannon-
Weiner index of species diversity of forested area was
3.74, followed by recreational area (H’=3.40) and




Table 1. Number of individuals, species and percentage of each butterfly family in Hulu
Langat, Selangor.

Family Number of Percentage (%) Number of species Percentage (%)
Individuals

Hesperiidae 25 4.1 13 12.8
Lycaenidae 78 13.1 14 13.7
Nymphalidae 291 48.7 47 46.1
Papilionidae 23 3.8 10 0.8
Pieridae 181 30.3 18 17.6
Total 598 100.00 102 100.00

Table 2. Number of individuals of each species in forested, recreational and residential areas of Hulu Langat.

Habitat Total
Taxon Forested area Recreational area Residential area {n)
Family: Hesperiidae
1. Ampittia dioscorides camertes 0 0 2 2
2. Ancistroides nigrita maura 2 0 0 2
3. Astictopterus jama jama 3 0 0 3
4. Jambrix salsala salsala 2 0 0 2
5. Matapa aria 0 1 0 1
6. Notocrypta paralysos varians 1 0 0 1
7. Parnara bada 2 0 0 2
8. Potanthus juno 1 0 0 1
9. Potanthus omaha omaha 1 0 2 3
10.  Potanthus trachala tytleri 1 0 0 i
11.  Psolos fuligo fuligo 2 0 0 2
12. Taractrocera archias quinta 2 0 1 3
13.  Taractrocera ardonia 1 0 1 2
Family: Lycaenidae
14.  Antherne emolus goberus I 0 0 1
15.  Arhopala epimuta epiala 0 1 0 1
16.  Castalius roxus pothus 18 0 0 18
17.  Catochrysops panormus exiguus 1 i 0 2
18. Cheritra freja frigga 1 1 0 2
19.  Curetis tagalica labuana 1 0 0 1
20. Jamides elpis pseudelpis 1 0 0 1
21. Jamides celeno aelianus 11 2 0 13
22.  Lampides boeticus 1 0 0 1
23.  Loxura atymnus fuconius 0 0 2 2
24, Poritia sumatrae sumatrae 0 I 0 1
25.  Spindasis lohita senama 1 0 1 2
26. Zeltus amasa maximinianus 1 0 0 1
27.  Zizula hylax pygmaea It 0 21 32
Family: Papilionidae
28. Atrophaneura coon doubledayi 1 0 0 1
29. Atrophaneura varuna varuna 2 0 0 2
30. Graphium agetes 1 0 0 1
31.  Graphium bathycles bathycloides 0 ! 0 1
32, Graphium delessertii delessertii 3 0 0 3
33.  Graphium sarpedon luctatius 1 1 0 2
34. Pachliopta aristolochiae asteris 1 0 0 1
35.  Fapilio demolion demolion 0 0 1 1
36. Papilio polytes romulus 1 0 [ 2
37. Trogonoptera brookiana albescens 2 7 0 9
Family: Pieridae
38. Appias indra plana 2 2 0 4
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39.
40.
41.
42.
43,
44.
45.
46.
47.
48.
49,
50.
51.
32,
53.
54.
55.

36.
57.
38.
55.
60.
61.
62.
63.
64,
65.
66.
67.
68.
69.
70.
71
72,
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84,
85.
86.
87.
88.
89.
20.
91.
92.
93.
94,

Appias libythea olferna
Appias lyncida vasava
Appias nero figulina
Catopsilia pyranthe pyranthe
Cepora iudith malava
Eurema ada iona

Eurema andersonii andersonii
Eurema blanda snelleni
Eurema hecabe contubernalis
Eurema lacteola lacteola
Eurema sari sodalis

Eurema simulatrix tecmessa
Gandaca harina distanti
Hebomoia glaucippe aturia
Leptosia nina ning

Pathysa (Paranticopsis) delessertii delessertii
FPareronia valeria lutescens
Family: Nymphalidae
Ariacine ariadne ariadne
Athyma nefle subrata
Charaxes bernadus crepax
Chersonesia rahria rahria
Cirrochroa emalea emalea
Cirrochroa orissa orissa
Cupha erymanthis lotis
Cyrestis nivea nivalis

Danaus hamata

Doleschallia bisaltide pratipa
Eltmnias penanga penanga
Elymnias panthera pantherg
Euploea radamanthus
Euploea mulciber

Euthalia kanda marana
Euthalia monina monina
Faunis canens arcesilas
Hypolimnas anomala
Hypolimnas bolina

Ideopsis gaura perakana
Lasippa tiga siaka

Lexias pardalis dirteana
Mycalesis horsfieldi hermana
Mycalesis janardana sagittigera
Myealesis maianeas maianeas
Mycalesis mineus macromalayana
Myealesis mineus mineus
Mycalesis perseus cepheus
Neptis hylas

Orsotriaena medus cinerea
Phaedyma columella singa
Phalanta aicippe alcesta
Precis almana javana

Precis iphita horsfieldi
Precis orithya wallacei
Ragadia makuta siponta
Xanthotaenia busiris busiris
Tanaecia flora flora

Terinos terpander robertsia
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95. Thaumantis odana pishuna 0 2 0 2
96. Tirumala septentrionis septenfrionis 1 0 0 1
97. Yptima baldus newboldi 12 5 38 55
98.  Ypiima ceylonica 8 0 81 89
99. Iptima fasciata torone 0 1 0 1
100.  Yptima pandocus corticaria 1 0 1 Z
101.  Yptima philomela philomeia 1 0 0 1
102. Yptima savara tonkiniana 12 0 1 13
Total individual 196 95 307 598
Total number of species 69 42 33
Cumulative number of species 102
Shannon-Weiner Index (H") 374 3.40 2.38
Evenness Index (E") 0.89 0.91 0.68

residential area (H’=2.38). The species evenness (E’)
of the forested and recreational areas was relatively
higher compared to the residential site.

DISCUSSION

The total number of species collected in this study
constituted about 9.89% (102 species) of the total
1031 species of butterflies in Peninsular Malaysia [3].
Within such a short sampling duration and with only
four replications, the number of butterflies recorded
from Hulu Langat is considered satisfactory. A long
term sampling covering a great variety of habitats
and ecosystems would certainly yield more butterfly
species. The Nymphalidae were the most abundant
family with a total of 291 individuals that constituted
48.7% of the total. This was in accordance with the
ability of the butterflies to survive in both shade and
open areas [8], which tantamount to the habitats
characteristics of all sampling sites (forest, garden
and open area). In term of location, the residential
area which was characterized by open area had the
largest number of individuals (307 individuals). This
was largely contributed by two commonest butterflies,
Yptima ceylonica (81 individuals) and Appias libythea
olferna (69 individuals). This can be explained by
common species having more individuals than rare
species and had the ability to survive in all kinds of
environment [10].

The results also revealed that forested area
(69 species) yielded more butterfly species than

recreational area (42 species) and residential area (33
species). This result was to be expected as the forested
area was highly heterogeneous in terms of vegetation
elements and complex habitat which offered a variety
of niches and supported high number of butterfly
species [11]. More species of the Nymphalidae and
Pieridae in forested area shows both the generalist
and habitat preference butterflies [8, 12]. The species
richness of butterflies indicates the habitat quality due
to their sensitivity to changes of host plant and nectar
sources [4, 13]. The Shannon-Weiner index showed
similar mode of diversity value with highest in forested
area (I1’=3.74), the recreation arca (H’=3.40) and the
lowest was residential area (H’=2.38). Lower H’ in
residential area is attributed by low species evenness
index dominated by two butterflies species, ¥ptima
ceylonica and Appias libythea olferna. The result also
reflected a homogenous habitat in the residential area
which offers less food resources and shelters,

The present study shows that the habitat quality
influences the abundance and species diversity of
butterfly. The forested area which is situated in Gunung
Nuang is ecologically important for the insect fauna
besides as a water catchment area for the Langat Dam
supplying water to Kuala Lumpur.

Acknowledgements — The authors would like to thank the
Forestry Department of Selangor State for permission to
conduct the samplings at Gunung Nuang Forest Reserve,
This research is funded by UKM-GUP-ASPL-07-04-048.

REFERENCES

1. Corbet A8, and Pendlebury HM. (1956) The
Butterflies of the Malay Peninsula (2 Ed.). Oliver
and Boyd, London.

2. Holloway 1.D., Bradley I.D. and Carter D.J. (1987)
Lepidoptera. PBritish Museum Natural History,
London.

L
Q
<
3
=
o
=3
N
ny
(5]
S5
™
(4]
D
3
a
ol
o
>
5
=3
S
=
=
3+
[§]
S
S,
a
T~
[
&
]
o
o
g1
S




110

Journal of Science and Technology in the Tropics (2009) 5: 105-110

Corbet A.S. and Pendlebury H.M. (1992) The
Butterflies of the Malay Peninsula (4" Ed.). Oliver
and Boyd, London.

Nelson S.M. (2007) Butterflies (Papilionoidea and
Hesperioidea) as potential ecological indicators of
riparian quality in the semi-arid western United
Sates. Ecological Indicators 7: 469-480,

Ozden O., Ciesta W.M., Fuller W.J. and Hodgson
D.J. (2008) Butterfly diversity in Mediterranean
islands and in Pentadaktylos Pinus brutia forets of
Cyprus. Biodiversity Conservation 17: 2821-2832,
Devy M.S. and Davidar P. (2001) Response of wet
forest butterflies to selective logging in Kalakad-
Mundanthurai Tiger Reserve: Implications for
conservation. Current Science 80: 400-405.
Sawchik J., Dufrene M. and Lebrun P. (2005)
Distribution patterns and indicator species of
butterfly assemblages of wet meadows in southern
Belgium. Belgian Journal of Zoology 135: 43-52,

10.

1.

12,

I3.

Fleming W.A. (1975) Butterflies of West Malaysia
and Singapore. Longman, Malaysia.

Robinson, G.8. (1991} Alpha, PC Version GW
Basic. Natural History Museum, London.

Shelton M.D. and Edwards C.R. (1983) Effects of
weeds on the diversity and abundance of insects in
soybeans, Environmental Entomology 12: 296-299,
Ramos, F, A. 2000. Nymphalid butterfly
communities in an Amazonian forest fragment,
Journal of Research on the Lepidoptera 35: 29-41,
Yong, H. 8. (1984) Malaysian Buiterflies: An
Introduction. Tropical Press, Kuala Lumpur.
Thomas J.A., Bourn N.A.D., Clarke R.T., Stewart
K.E., Simcox D.J., Pearman G.8., Curtis R. and
Goodyear B. (2001} The quality and isolation of
habitat patches both determine where butterflies
persist in fragmented landscapes. Proceeding of
Royal Society of London Bulletin 268: 1791-1796,




Journal of Science and Technology in the Tropics (2009) 5: 111-116

Generalized lag synchronization in chaotic systems

Prasanta Chatterjee!”, Swarup Poria? and Anindita Tarai’
‘Department of Mathematis, Visva Bharati University, Santiniketan-731 235, India
Present address; Plasma Research Laboratory, Department of Physics, University of Malaya,

50603Kuala Lumpur, Malaysia
(E-mail: prasantachatterjeel @rediffmail.com)

Department of Applied Mathematics, University of Calcutta, Kolkata, West Bengal, India
3Department of Mathematics, Aligunj R.R.B. High School, Midnapore (West), West Bengal, India

Received: 10-07-2009, accepted 24-07-2009

ABSTRACT This paper introduces generalized lag synchronization {GLS) of two chaotic dynamical systems,
which includes complete synchronization, anti synchronization, tag synchronization, general projective
synchronization and full state hybrid lag projective synchronization (FSHLPS). Systematic GLS schemes are
proposed respectively for the continuous and discrete dynamical systems. Finally, simulation resulis are given

to verify the effectiveness of the developed schemes.

Keywords

INTRODUCTION

The phenomenon of synchronization of coupled
chaotic systems has received a great deal of attention
in the last fifteen years. Synchronization is found in
a variety of natural systems like fireflies, chirping
crickets, and neural systems. It is also useful for
secure communication, ecological systems, and
artificial systems of information science in order to
enable a well coordinated behavior in time. Pecora
and Carroll 1] imtroduced the mechanism for
complete synchronization of chaotic systems in 1990.
Let us consider two dynamical systems which are
uni-directionally coupled as follows.

du/dt = F(x}  drive system (a)

dy/dt = G{x,y) response system (b)

These two systems are called synchronized
completely if lim __(v,—x)=0forall i

The idea of generalized synchronization (GS)
was proposed by Rulkov, Sushchik and Tsimring
[2] in 1995. The systems (a) and (b) are said to be
synchronized in the generalized sense if lim _ (v,
—fix)) = 0V i In 1996 Kocarev and Parlitz [3]
formulated a condition for the occurrence of GS of
continuous dynamical systems. Yang and Chua [4]
proposed GS of continuous dynamical systems via

generalized lag synchronization — chaotic systems — continuous — discrete

linear transformations in 1999. Anti synchronization
(AS) was observed by Kim et al. [5] in chaotic
oscillators.

The systems (a) and (b) are anti synchronized if
lim _ (y, +x) =0 for all i. The lag synchronization
(LS) was observed by Rosenblum ef al. [6] in 1997.
The systems (a) and (b) are said to be lag synchronized
if lim __fy,—x (t - D] =0 for all i. LS has more
practical application as time delay is inevitable in
the real world. It is well known that instantaneous
signal processing is not physical because any real
physical signal will take some time to flow from the
transmitter to the receiver. We call the above defined
lag synchronization as complete lag synchronization
(CLG). Mainieri and Rehacek [7] reported projective
synchronization such that lim __(y,/x) = o for all,
where o is a real constant. Qunjiao, Zhang and Lu [8]
reported FSHLPS of chaotic systems. Two systems
are in full state hybrid Iag projection synchronization
(FSHLPS)iflim __(y()/x (t—1)) =0, forall] where
0.’s are real constants and not necessarily all equal.

In this paper, we introduce a new kind of chaos
synchronization as generalized lag synchronization
(GLS). The drive system (a) and response system (b)
are said to be generalized lag synchronized if there
exist a nonzero constant matrix A (not necessarily
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diagonal) such that lim __(y,— Ax (- 1))=0,720
Obviously, the FSHLPS is a special case of GLS as
FSHLPS can be obtained from GLS by choosing A as
a diagonal matrix. Now choosing the matrix A equals
to 7, -/ and o respectively one can obtain complete
lag synchronization, anti-lag synchronization and
projective  lag  synchronization  respectively.
Dynamical schemes are proposed to realize the GLS.
Results are illustrated using the continuous systems
of hyper-chaotic Rossler system [9], hyper-chaotic
Lorenz system [10], the discrete systems of the 3-D
generalized Hennon map [[1] and 3-D Bajer-Klein
map [12]. The numerical simulation results are
presented to show the effectiveness of the developed
method.

GLS SCHEMES

First we shall propose the GLS scheme for continuous
chaotic (hyperchaotic) systems. Consider a class of
n-dimensional chaotic (hyperchaotic) systems in the
form of

dx/dt = F(x) (D)
where

x(ty = (x,(, x, @),...,x, ())Te R
is the state vector and F(x) = (f,(x), £, (x)./.(x))" €
R* is a continuous nonlinear vector function. We
consider system (1) as drive system. The response
system is taken as

dy/dt = Gy)U(£) (2)
where

WO = (), Vo Vypoes ¥, ) € R,

G0) = (2,0):£,07)2, ()7 € T and

1) = (1, (D (1),....u (1)) € R is
the controller vector to be determined for
synchronization.

Let us define the error vector of the GLS as
e(r) = y() — Ax (1 ~ 1), where e(?) = (e (f)e,(),
2,(D),..e (D) € R and A is an » x n real matrix.
Therefore the error system is

de/dt = G{y)— AF(x (t— 1))+ U(H) 3
Now our task is to choose suitable

U(5) = Ve()) + Hix (1 — 1), ¥(¥)), where Hle(f)) =
(v,e(®), v,e(9),....v (e(t))" € R such that the above
error system is reduced to the following form

de/dt = Pe(1) 4)
where P is a n X n constant matrix.

Theorem 1
If all eigenvalues of the matrix P have negative real
part, i.e they lie on the left half of the complex plane,
the chaotic system (1) would be generalized lag
synchronized with chaotic system (2).

Now, consider an n-dimensional discrete chaotic
system as

x(k+1) = Ax(k) + F(x(k)} & drive system (5)
and

wktly = Bylky + GWL) + U &
slave system (6)
where

x(@) = (x (D, x, (., x, ()7€ R and

y(t) = (y;: J’g, .y35'"5 y”)Te ER”:
are the state vectors, F(x(k)) and G(¥(k)) are
continuous nonlinear vector functions and k& is the
discretized time. 4 and B are » x 2 matrices and U is
the vector controller to be suitable chosen later for the
synchronization.
Now, we define the error vector for GLS as e(k) =
¥(k) — Ax (¢ — ) where A is an # x n real matrix, and 1
€N is the time delay. Then the time evolution of the
error systern is given by

ek +1)=y(k+1) - Ax(k+1 — 1)

=By(k) + Gy(h) —AAx(k—T) = AF(x (=) + U

= Be(k) + (BA— AA)x (k — 1) + G(y(k)) — AF(x (k

-+ U (7}
Now we choose the vector controller U as

U= Le(k) — Gy(k)) + AF(x (k1)) + (AA - BA)

x(k-1) (8)
where L, is an n x n unknown matrix to be designed.
Substituting equation (8) into (7), we obtain the
simplified form of the error system as

e(k +1) = Pe(k) )]

Theorem 2

The real constants /., are chosen in such a manner
that all eigenvalues of the matrix £ having modulus
less than 1 then system (7) would be generalized lag
synchronized with the system (8).

EXAMPLES OF GLS

Continuous case
The Rossler and Lorenz systems are continuous
dynamical systems with different structures. The four
dimensional Rossler system is

dy /fdt = -x,—x,

dyydt = x tax,+ x,

dyfdt = xx, + b,




dy/fdf =—cx,+d x,
This system is hyperchaotic for @, = 0.25, b,
=0.5 and d, = 0.05.
The response system is taken as the hyperchaotic
Lorenz system presented by Lietal[14]. The controlled
hyperchaotic Lorenz system is described by the
following equations
dy /dt = a(y —y,) + u (t)
dy,/dt = by +ey,—yy;ty, +u(f)
dv /dt = ~dy,+ yy,+ v, + u,l)
dy /dt = —ry + u(f) (11
This system is hyper-chaotic for the parameters
a=35, b=7, ¢=12, d=3 and r=5 and u (f) = u,(t) =
u(H=u(H)=0
Letus define the generalized lag synchronization error
states as

(10)
=3.0, ¢,

e(N=yO—-Ax (t-0)-Ax, (-1 - Ax,(~T)
i=1,234 (12)
We obtain the error system as
de/dt = ale,~e) + (—ad +ald, — A ,)x(t—T)+
(—al, +ak,+ /1 aﬂ.”)xz(t T+
(- aﬂ, +af£ +/1 Ayt 1) +

( a/'t -}-aﬂu /'{ —d Ay (t-1) -

Ay ](r T) - bﬂ. -i-ul(l‘)
de./di = be +ce, +e,+ (- b, +ch, + A, —,)
xH=bA, +cﬁ. +ﬁ, Lt 2, a/’L,,)x3(t T)

+(=bA, +ci, +/1 +2,)+c L (1= T)
+ (- b /1 + c}l + EL ;L__+ dAi,)
x(t — 1) ~ 4, l(r T) X (r - 1) =~ b A,

—y]yg + uz(t)

de,/dt = —de,+ (—dA, — A )x(t -1+ (—dA, +
adx(t— 1) + ( d , Tt CIPL3 D
x(r—'c)~+~( dA, d, 34)x(f T)—

Agx (=T %, (1 - T) +y1y2 by + u(2)

de/dt = — re + (-2,
A a/lqz)xz(t
x,(t—1) - ” x,{f -
113(2‘)

Ax (t —T) + (=2,
T+ (At At d A,
TV x(f-T)-bA,+

(13)

Now, we choose the control function vector
Hx (-7 (1) =
(H (x (¢ - 1), y()), Hy{x ( = T), ¥()),
Hx (¢ =1, y(0), Hyx (¢ — 1), ()

where
H = (—al +al,—A )x,(—-1)+
(— @A, taly, v A~ ald Jx,(f—T) +
(— a/lu-i-a?;z}-l-/l”-i- ¢ A x(t—1T) +

( al tar, +A,~d, M)x (i—1) +
A E(t 'c)+b;L
H,=(=b2, +chy+ A~ A x (t—7)

(bﬂ.l,+c/1 +/1 +lﬂ cﬂ,,)x (t— 1:)
— (b, +cd, +,1 ,TA, +c;t D, —
+(bA +c/1 +A A, dﬂ.,4)x (t ”C)

Ay ](t ’E)JL (t ’r) by Ty,
H=(—dA,~
(— d/’L +P.,

A%, (f T)+
A, — ) +

(— d/l +/'l +c (=T +

(~dA, d, 34)x (1-1)-

ﬂ,ssxl(t—'c)x (=D +yy,—b A,
=(—rhd, A x(t-T)+
(=rAd,t A, —ad x(t—1) +
(- r/'|,43+7u +c/1 (T +
( rd d, 44)x (f ) -
A ](r fc)x3(tm'c) b A,

(14)
And
a1 -2a 00
A=|-b+1 -=-1—¢ 0 -1
0 0 d—1 —d
(15)

Therefore the controllers are given by,
=A(e (.20, e (e (D)
+H(x (1- 1), y(1))
Now the dynamical system for the error is given as

de /dt = —e — ae,
de/dt—e
de/dtm—e de
deﬁdr—ce—e (16)
Here
-1 —a 0 0
P= (1 -1 0 0) (n
0 -1 —d

All eigenvalues of the matrix P have negative real
part. Therefore e(#) — 0 as t — o i.¢, GLS between
the Rossler system and Lorenz system is achieved.
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Discrete case
We consider the driving system as the 3-D generalized
Henon Map as the driving system

x(k+1)=bx,(k)

x,(k +1) = b1+ x,(k) — ax.*(k))

X,k +1) =1+ x, (k) — a (1+ x,(k) — ax’(k))* (18)
where a = 0.158 and & = 0.06. The 3-D Baier-Klein
map is chosen as driving system

(kA1) =-0.1x,(B) — y,(kP+ 1.76 + u,

»lke +1) = y,(k) + u,

yylk +1) =y, (k) +u, (19)
Therefore the 4 B and F (x(k)), G (x(k)) in equations
(5 ) and (6 ) are as follows

6 0 b
A=l 0 b 0],
1 ~2a 0

0 ¢ 0.1 (20)
B=|1 ¢ 0 |,
0 1 0
Flx(k)) =
0
b l-ax, (k) 1)
1—af 1+x, (ky+abx, (ky*2ax, (kY- 2ax, (k)x, 2ax, (k)
— (ky+1.76
G (x(k)) = 0 (22)
0

Let us define the generalized lag synchronization
error states as
ek +1y=y(kt1)~ 2 x (k+1-1)-
Ak +1 -1y ~A x (k+1-7)
~Axk+l-1)i=1.23,4
(23)
Here the error dynamics is given by
ek +1)=-0.1e,(k) — (0.14 +A )x,(k—7) +
(-ad, +ad,+ A, —al x,(k—7) +
(—ad, +ad,+ 4, +c A x (k-1 +
- aﬂ'm + a’lm"/llz_ d1}1,14)x4(k —7) -
x(k—T)y=b At u (D)
ek +1}y=e (k) + (A,~ A )x (k- 1)
+ (= bA,+ A, — 20 Jx,(k—T) +
(2'23 - b’lm)xs(t ~T)+
a(d,, — 2ad, )x(k — 17 + ald,, x, (k — 1) — 22°A, x,
(k=) x, (k- 1)+ A_23x, (k- v)° - y (kP + u,
ek +1) = e,(k)
+ (’131 - )‘33))51(1‘ - t)(_d;"sz'}' ’132
= 2al x(t ~ T + (A, — PA (1 — 1) + al,,
2ak )x (k= TF + al x, (k — 1P - 2’4, x2(k - T)

X, (b~ TP —x, (k=)' + y,(k + ald,, + u,
(24)

We made the following choice for the controllers
u,=-0.1e, k) — (0.1 +A )x (k— 1) +
(0.14,,+ bA, — 2ad Jx,(k — 1) (0.1, bA )x (k
- T} — a(d, — 2aA ) x,(k ~ 1P - ad, x, (k- 1) +
204, (k) x, (k=1 — a3 A, x, (k— 1) - y,(k)*
al,—1.76
1 ==08e,(k) + (A~ A )x (k- 1) + (- bA,+ 4,
= 2al,,)x,(k - 7t) — (A, — b, e, (t — ) - a(i,, -
2al, )x (k1= al, x, (k-1 +2a°4, x (k- T)x,
(k=1Y = Ay x, (k0 + y (k) - al,,
u,=~1.5e (k) — e (k)
-4, - /133)x1(t =)
+ (~dA,t A, — 2ad )t - 1) — (A, - BA,)
x,(f~T) —ady, x,(k— 1) + 2a°A, x, (k- T) x, (k— T)?
— @A, x, (k= T+ y, (k) + al,,
(25)
With the above choice of the controllers, the emor
system reduces to
e,(k +1)=-0.7¢ (k) - 0.1e,(k)
e,(k +1) = e (k) — 0.8e,(k)

e,(k+1)=0.75e, (26)
We obtain
07 0 0.1
P=|l1-08 ¢ 27
0 1 -075

Clearly all eigenvalues of the matrix P having modulus
less than 1. Therefore, the generalized Henon map
and 3-D Baier-Klein map will be generalized lag
synchronized.

CONCLUSION

In this paper, we have infroduced the new concept
of generalized lag synchronization (GLS). GLS is
more general than full state hybrid lag projective
synchronization (FSHLPS). We have proposed the
schemes for obtaining GLS between two chaotic
systems for both discrete and continuous and discrete
dynamical systems. There is no restriction on the
delay parameter in our proposed method. The method
is based on Lyapunov stability theory. Numerical
simulation results for the time evolution of the GLS
errors are shown in Figures 1-7.

GLS errors e (1), e,(#), e,(t) and e (¢) for Rossler
and Lorenz systems are shown in Figures 1 to 4




respectively. GLS errors e,(1), e,(7) and e (#) between
Hennon map and Baier-Klein map are shown in Fig.5
to Fig.7 respectively. Based on these figures our
proposed scheme seemed to work very well.

Chaos synchronization between two remote
chaotic systems actually means that some information
has sucecessfully been transmitted from one end to the
other. This fact leads to the foundation of a chaos-
based communication system. By keeping some
part of the involved chaotic systems secret, a third
party not knowing the secret key will not be able to
reconstruct the information transmitted. To overcome
the security problems of most traditional chaos-based
secure communication schemes, one widely accepted
measure is to use more complex chaotic systems
rather than three dimensional systems. We hope our
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Abstract  This research work reports the resulis concerning the generation of dielectric barrier discharge
(DBD) in water and its use for the treatment of water collected from different sources in Kathmandu Valley,
Nepal. The discharge has been produced by applying AC high voliage {up to 20 kV peak-to-peak) source of
frequency 10-30 kHz across annular electrodes. The main objective of the work was to develop a system
in which discharge through water could be produced for the purpose of direct treatment of the water. Water
from different sources such as river, well, stone spout and tap was treated by this method. The general
evaluation of the efficiency of the treaiment for water disinfection was made. The experimental results show
that the qualities of water such as pH, conductivity, chlorides and fotal hardness of water changed slightly
after treatment. However, the coliforms and chemical oxygen demand {COD) were significantly reduced in the
treated samples. A remarkable increase in the amount of dissolved oxygen (DO) was also observed after the

treatment.

Keywords

INTRODUCTION

The area of water purification by ozone synthesis
is an industrially accepted application of electrical
discharges [1, 2]. Ozone is required in huge quantities
for drinking water and waste water treatment [3-5].
The major advantages of the ozonation process for
water treatment are: (a) no need to store and handle
toxic chemicals; (b) by-products of ozonation do
not have any known adverse effects on health or the
environment; (¢) ozone is a stronger and faster-acting
oxidizer; (d) ozone can safely destroy a broader
range of organic contaminants; (e) ozone helps in
the removal of colour, odour and suspended solid
materials; and () ozone is far more efficient in killing
bacteria, viruses, spores and cysts.

The ozonation process can be made more
competitive by (a) improving the energy efficiency
and ozone yield of the ozone generator, (b)
developing better ozone-water contactors, and/or
(c) catalyzing the chemical reactions of ozone [6].
Electrical discharges taking place in an air or oxygen
environment convert oxygen into ozone. In addition

DBD — pH — conductivity — total hardness — coliforms — DO — COD

to ozone, electrical discharges in air produce a variety
of chemically active species, such as O, OH', N,
0", N',, N, OH", O, 0", O",, N*,, N*, O" [7-10].
These species are short lived and decay before ozone
enriched air/oxygen gets into water.

However, if the reactor is designed so that the
electrical discharges take place in close proximity
to the water surface or directly through the water,
some of these species may get into water and destroy
the pollutants. In this way, the water treatment unit
becomes simpler as there will be no need for a separate
electrical discharge reactor for ozone synthesis
and tubing to carry ozone enriched air/oxygen.
Furthermaore, the intense electric fields necessary for
¢lectrical discharges are also poisonous o several
kinds of microorganisms found in water and show
a synergistic poisonous effect when combined with
conventional disinfectants such as O, and H,O, [11].
The electrical discharges in water may also produce
ultraviolet (UV) radiation [12] and shack waves [13]
which help in the destruction of pollutants [14]. For
these reasons direct electrical discharges in water is
clearly the best next-generation technology for water
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treatment. This is environment friendly and may prove
to be far more effective than conventional oxidants
and disinfectants. Patrick et al. [15] have reported
that conductivity and the total hardness remain at
stable values before and after treatment. The WHO
acceptable concentration of chloride in drinking
water is 250 mg/L and the allowable concentration
is 600 mg/L [16]. Bubnov ef al. [17] have reported
that chloride of rainfall runoff and snow melt runoff
water decrease after treatment in electrical discharge.
Electrical discharges are usually associated with
intense electric fields, shock waves, UV radiation,
0,, H,0,, etc each of which can kill microorganisms.
Therefore, a combination of these factors, as in the
case of electrical discharges in water or air, may form
a very effective sterilization medium [18-20].

EXPERIMENTAL SETUP

The water treatment system consists of a specially
designed DBD with annular electrodes slightly

Figure 1. Experimental setup of the
water treatment system,

valve

untreated
water

treated water:

Roaaeeacinia)

Figure 2. Schematic diagram of water
treatment system.

modified so as to make it suitable for direct water
treatmentin a flow region. It consists of two electrodes:
central and outer electrodes. The central electrode
is made of brass rod (diameter is 3 mm, length 65
mm) and enclosed by an inner cylindrical glass
tube. The outer electrode is made of aluminum foil
which wraps around the outer cylindrical glass tube.
The gap between the two dielectric layers is 3 mm
through which water can easily flow. The water flow
rate is controlled by two valves. The experimental
setup for water treatment is depicted in Figures 1
and 2. Figure 3 shows the cross-sectional view of the
annular electrode system in a DBD. An example of
the discharge in water is illustrated in Figure 4

In the water treatment system, the flow of water
is regulated by a stopper. The flow rate of water in
this reactor is estimated at 0.2 ¢m® per second to 0.4
cm® per second. The contact time of the water with
the discharge zone in the reactor is 12-24 s which is
calculated using the relationship T_, =[S x //g] seconds
[17], where S is the cross-sectional area of the inter

Outer electrade

Glass
Discharge
Brass rod

Figure 3. Cross-sectional view of the annular
electrode system in a dielectric barrier discharge.

i

Figure 4. An example of discharge in water.




electrode gap (3 mm), / is the length of the reaction
zone (6.5 cm) and g is the water flow rate in em?
per second. Experiments were performed on four
types of drinking water: well, river, stone spout and
tap.

SELECTION OF PARAMETERS

The physical, chemical and biological parameters of
the water investigated in this study are summarized in
Table 1. The analyses of the samples were carried out
in the Microbiology Laboratory of Khwopa College,
Bhaktapur, Nepal.

RESULTS AND DISCUSSION
Analysis of pIi

The experimental results of pH analysis of untreated
and treated water from well and river are shown in

Figure 5, and from stone spout and tap are depicted in
Figure 6. The pH value of water collected from river
was in the range of 8.5 to 9.3. After the treatment,
there was a slight increase in the pH value to the
range of 9.1 to 9.3. For the samples collected from
four different wells, the pH values varied from 6.8
to 7.8 before treatment. After the treatment the pH
values remained in the range of 7 to 7.5 indicating
almost no change in the pH values. In the case of
water samples collected from stone spout, the pH
values ranged from 8.7 to 8.9 while after treatment it
showed a slight increase ranging from 8.8 to 9.4

Conductivity

Results of conductivity measurement of untreated
and discharge treated water from well and river are
shown in Figure 7, while Figure 8 shows the results
for the water samples from stone spout and tap. The
conductivity of water collected from different rivers

Table 1. Parameters and the method used for analysis.

Serial No. Physical parameters Unit Method/ Instrument used
1 pH Scale pH meter
2 Conductivity ps/om Conductivity meter
3 Chloride mg/L. Argentometric Titration Method
4 Total hardness mg/L EDTA titration
5 coliform MPN/100mE  Most Probable Number (MPN) Test
6 Dissolved oxygen (DO) mg/L Winkler’s iodometric method
7 Chemical oxygen demand (COD)} mg/L Open air reflux method
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Figure 5. pH of untreated and discharge treated
water from wells (a} and rivers (b).
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Figure 6. pH of unfreated and discharge treated
water from stone spout (a) and {rom tap {b).
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Figure 7. Conductivity of untreated and discharge
treated water from wells (a) and river (b).
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Figure 8. Conductivity of untreated and discharge

treated water from stone spout (a) and tap (b).
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was in the range of 98 to 386 uScm' before the
treatment. After the treatment, the conductivity was
reduced to 94 to 216 uScm”'. The conductivity of
water in Bramhayani River (98 pScm') was very low
compared to that of other rivers. After the treatment
the conductivity of the water in this river was reduced
to 94 nScm! whereas for the other rivers, the values
of conductivity were in the range of 141 to 216
uSem'. For the samples collected from the wells, the
conductivity ranged from 630 to 876 pScnr!, but with
a slight increase after treatment. In the case of water
from stone spout, the conductivity ranged from 512
to 883 uScm’. There seems to be negligible effect
of treatment on the conductivity of this source of
water. Conductivity of fap water was very low (40
fo 138 puScm!) compared to that of water from other
sources. Moreover, there was almost no change in
the values of conductivity after treatment for all the
samples from four different taps.

Conductivity plays an important role in the
generation of discharges and on the production of
chemically active species. In deionized water, the
discharge is relatively weak. It has been reported
that a certain concentration of ion conductivity in the
range of 10 to 80 puScnr' may enhances conduction,
resulting in a stronger discharge, higher current
flow, longer streamer length and an increase in the
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Figure 9. Chloride concentration in untreated and
discharge treated water from well (a) and river (b).
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Figure 10. Chloride concentration in unfreated and
discharge treated water from stone spout (a) and tap (b).
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production of chemically active species. Thus, an
increase in the water conductivity further from the
optimum value of 10 to 80 uSem™ results in a faster
compensation of the space charge electric field on the
streamer-head (shorter streamer channel length) [21]
and a decrease in the rate of production of chemically
active species.

Chloride concentration

The concentration of chloride in water collected from
well and river before and after treatment in DBD is
depicted in Figure 9, and that for stone spout and tap in
Figure 10. The concentration of chloride in the water
from rivers selected in our study ranged from 12.8
to 38.2 mg/L. After the treatment, it was in the range
of 14.2 to 21.3 mg/L. Water samples from wells had
higher chloride concentration of 126.4 to 242.8 mg/L
compared to water from the river. After the treatment,
the concentration remained in the range of 127 to
242 mg/L. The concentration of chloride in the water
from stone spout varied from 71 to 113 mg/L before
treatment and it remained in the range of 63 to 113
mg/L after treatment, indicating a very weak effect.
For tap water, chloride concentration was lowest, in
the range of 8.5 to 38 mg/L. After the treatment, the
concentration remained in the range of 14 to 42 mg/L
showing a slight increase.
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Figure 11. Total hardness of untreated and discharge
treated water from well (a) and river (b).
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Figure 12. Total hardness of untreated and discharge
treated water from stone spout (a) and tap (b).




Total hardness

The total hardness in untreated and treated samples
of water collected from well and river are shown in
Figure 11, and that for the samples of water collected
from stone spout and tap in Figure 12. The results
show that the total hardness of water from the rivers
varied from 34 to 104 mg/L before treatment. After
the (reatment, the hardness was in the range of 30 to
90 mg/L showing a slight reduction in the hardness.
For the samples collected from wells, the hardness
was quite high (102 to 408 mg/L) and it increased to
the range of 200 to 450 mg/L. after the treatment. In
the case of samples from stone spout, their hardness
ranged from 180 to 190 mg/L and after treatment it
was reduced to 140 to 160 mg/L. Interestingly, the
hardness of tap water was very low (28 to 64 mg/L)
compared to the samples from the other sources. After
the treatment in DBD there was a slight increase in
hardness reaching to a range of 30 to 80 mg/L.

Coliform content

The coliform counts in untreated and discharge
treated water samples collected from well and river
are presented in Figure 13 and those from stone
spout and tap in Figure 14. The coliform content
varied widely in different rivers from 28 MPN/100
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Figure 13. Coliform content in untreated and discharge
treated water from well (2} and river (b).
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Figure 14. Coliform content in untreated and discharge
treated water from stone spout (2) and tap (b).
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mL in Hanumante River to 2400 MPN/100 mL in
Brahmayani River. After the treatment, the coliform
count was reduced to 23-42 MPN/100 mL showing
a significant reduction in the number due to the
treatment. Similar results were observed in the
samples from different wells. For untreated water
the coliform count varied from 3 to 1100 MPN/100
mL, which was reduced to 3 to 460 MPN/100 mL
after the treatment, For the water samples from stone
spout, the coliform count ranged from 20 to 460
MPN/100 mL, and was reduced to 9 to 240 MPN/100
mL after the treatment. The number of coliform in
tap water was relatively low (15 to 150 MPN/100
mL) compared to the samples from the other three
sources. After the treatment, the coliform content
decreased to 7 to 23 MPN/100 mL. These results
are significant since the contamination of water by
coliform is a major problem in most of the sources
of water in the Kathmandu valley. This is the reason
why the main focus of the present study was to
investigate the effectiveness of DBD treatment in the
elimination or at least reduction of coliform in water.
In all the samples tested, a significant reduction in
the number of coliform bacteria was observed after
the treatment. This effective treatment in reducing
the coliforms can be attributed to the effect of strong
electric field, UV radiation and shockwaves in
addition to the effect of ozone.

DO and COD analysis

The dissolved oxygen (DO} of the water samples
collected from stone spout and tube well are shown
in Figure 15. The values of DO in water from
stone spout varied from 7.7 to 8.1 mg/L before the
treatment. After the treatment, there was an increase
of DO for each sample. For the samples collected
from different tube wells, the values of DO ranged
from 1.12 to 1.80 mg/L before the treatment. After
the treatment in DBD, the amount of DO increased
to 1.64 to 4.76 mg/L. The increase in DO was due to
the strong oxidizing nature of ozone.

The chemical oxygen demand (CODY} in untreated
and treated water from tube wells is shown in Figure
16. In this experiment, chemical oxygen demand in
water decreased significantly after treatment in DBD.
The observed effect of decrease in COD is very
important from different technological application
point of view. This result suggests the presence
of series of chain reactions initiated by ozone
dissolved in water. Due to these reactions large
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organic molecules in water are fragmentized
resulting in a decrease in COD.,

Conclusion
Results on the DBD treatment of water samples
collected from various sources show a significant
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Figure 15. Dissolved oxygen (DQ) in untreated and

discharge treated water from stone spout (a) and tap (b).
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Figure 16. Chemical oxygen demand
{(COD) in untreated and discharge
treated water from tube well.

reduction in the number of coliform bacteria and
COD. DO in water samples increased after the
treatment. Further investigations about the effects of
DBD on different physical, chemical and biological
parameters of drinking water are in progress,
In summary, a DBD unit has been developed at
relatively lower cost. The design of the system
is scalable and can be modified according to the
need. This type of low cost technology may help
developing nations to provide clean drinking
water and may be used in many other industrial
applications. Future work in this laboratory will
be focused on the generation of DBD in the
environments of inert gases like helium and argon
in addition to air. Radio frequency generator may
also be used to improve the quality of the discharge.
The work will be extended to the production of
atmospheric pressure glow discharge (APGD) in
the near future.
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Abstract Lead-free solder paste printing process accounts for majority of the assembly defects in the
electronic manufacturing industry. In the stencil printing process, the solder paste must be able to withstand low
and high shear rates, which results in continuous structural breakdown and build-up. The study investigates the
thixotropic behaviour of lead-free solder pastes (Sn/Ag/Cu) using the structural kinetic model. The structural
kinetic model was used to investigate the structural breakdown and build-up in the solder pastes. A hysteresis
loop test and constant shear test is utilized to investigate the thixotropic behaviour of the pastes using parallel
plate rheometry. In this study, the shear rates were increased from 0.01 s™ to 50 s' and the second curve
was a result of decreasing shear rate from 50 s to 0.01 s'. For the constant shear test, the samples were
subjected to five constant shear rates of 0.01 s, 0.1 s, 1 87, 10 st and 50 s*. The constant shear rate
test was designed to study the structural breakdown and build-up of the paste materials. The data from the
constant shear test was used to calculate the structural parameter, A values for the solder paste samples.
From this investigation, hysteresis loop test was shown to be an effective test method to differentiate the
extent of structural recovery in the solder pastes. The results of the structural parameter values obtained from

the kinetic model showed a good correlation to the breakdown and build-up of the paste structure.

Keywords

INTRODUCTION

Solder paste is one of the most widely used
interconnection materials in the surface mount
technology assembly process. In order to achieve
high volume and low cost production, the solder paste
should ideally have the following properties: good
flow characteristics (rheology), good printability
(should be easily deposited), good adhesion (tackiness
to hold components during pick and place operation),
and good reflow characteristic [1]. These factors
must be taken into consideration when selecting the
solder paste for a given applications. Solder paste is
a homogenous and stable suspension of solder alloy
particles suspended in a flux/vehicle system. The
flux/vehicle is a combination of solvents, thickeners,
binders and fluxing agents [2, 3].

Solder pastes can be classified in two main
ways [4]: firstly as a dense suspension; secondly
as a homogeneous mixture. As a dense suspension,

lead-free — rheology — thixotropic — stencil printing — solder paste

consisting of about 50% solid and 50% liquid (by
volume), the paste can be described in terms of such
attributes as volume fraction, particle size distribution
and metal content. As a homogeneous and kinetically
stable mixture [2], a solder paste can be described in
terms of such propertics as viscosity, normal forces,
surface tension, and density. The constituents and the
composition of a given solder paste can have a direct
impact on the performance of the sub-processes in
the surface mount assembly process — starting from
the paste printing process through to the reflow
soldering, to the cleaning, inspection and testing.
Solder pastes consist of three main constituents [4],
namely: (1) solder alloy particles which form the base
for the metallic bond, (2) the flux system which helps
to promote the formation of the metallic bond by
providing a good wetting condition and for cleaning
the surfaces, and (3) the vehicle carrier system
which facilitates the binding together of the solder
powder particles and the flux system together, and
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for providing the desired rheological properties for
processing and depositing the paste onto the printed
circuit board (PCB).

Solder pastes are non-Newtonian fluids which
exhibits thixotropic behaviour. The thixotropic is the
characteristic of a suspension when it behaves as
solids under very small applied stresses but under
greater stresses become liquids. When the stresses are
removed the suspension settles back into its original
consistency. This property is particularly associated
with certain colloids which form gels when left to
stand but which become sols when stirred or shaken,
due to a redistribution of the solid phase [5]. When
the shear rate is applied to the system, two kinetic
processes appear, breakdown due to applied shear
and build-up because of Brownian movement and
aggregation of suspended particles and the aggregation
in the system is caused by the attractive forces such
as van der Waals and repulsive forces due to steric
and electrostatic effect on the particles. The repulsive
force prevents the particles from approaching close
to one another, and as a result, the particles are held
together by weak physical bonds. When no force is
exerted on the suspension, the particle aggregation
can form a spatial network which creates an internal
structure. When the suspension is sheared, these
weak forces are broken, causing the network to break
down into smaller aggregates. These aggregates can
be broken down further into smaller flocs.

After a period of time, at a given shear rate, a
dynamic equilibrium is reached between the growth
and destruction of aggregate. The equilibrium
structure is usually a function of the applied shear
rate and tends towards greater structural breakdown
at higher shear rates. When a thixotropic material is
subject to increasing shear rates, the viscosity drops
but when the shear rate is removed, the material
structure recovers resulting in the hysteresis loop.
The structural kinetics approach to the thixotropy,
assumes the existence of a shear and time dependent
structure [6]. According to this approach, a general
mathematical form of the equations of state of a
thixotropic material was proposed [6]. It is assumed
that there is only one type of structure defined by a
scalar parameter. The mathematical description of
this phenomenon consists of two equations of state.
The first one (constitutive equation) relates the shear
stress T and the shear rate y with structure parameter, A

T=f A7 (1)
and the second one is the kinetics equation that

expresses the rate of structural changes as a function
of both the shear rate and the structure parameter,

=g 2)

In order to understand the structural break-down and
build-up of the structure, the equation 2 could also be

expressed as following [6]:

2 = KA+ K,G)( - 2) (3)
Where K;(#) and K5 () are shear rate dependent time
parameters 1or the rawe of structural breakdown and
build-up of the structure, respectively. As it is usually
defined, the structure parameter varies between 1=1,
corresponding to the initial structure fully developed,
and A = 0, corresponding to a completely collapsed
state when the steady state is finally achieved [6].
The structure parameter can be written in terms of
viscosity in a variety of forms, which depends on
the proposed constitutive Eq. (1). A new expression
relating the structural parameter, A and the viscosity
was proposed to study the step-up (breakdown)
experiments and step-down (build-up) of a suspension
as shown in Eq. (4) and (5) [7].

= ©
-1,
A= o (3)

where A and A, refer to step-up and step-down
experiments, respectively. 17 and n, are the values of
the apparent viscosity at =0 and 7 — oo, respectively.

Previous studies have also shown that the solder
pastes are thixotropic in nature [8-11]. In this paper,
the thixotropic behaviour is studied through the
structural kinetics model to understand the extent of
structural breakdown and build-up in the different St/
Ag/Cu pastes formulations.

Stencil printing process

In the electronic manufacturing industry, the stencil
printing process (Fig. 1) is the most popular method
to deposit paste material (solder paste and isotropic
conductive adhesives) onto the printed circuit board
(PCB). During the stencil printing process, the
squeegee generates hydrodynamic pressures creating
a paste roll and injects the paste into the apertures.
In stencil printing process, two critical sub processes
are the aperture filling and aperture release processes
[12, 13]. Successful aperture filling and release will
greatly depend on the rheology of the paste material
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Figure 1. Stencil printing process.
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Figure 2. Aperture release process.

Table 1. Constituent of lead free solder pastes investigated.

Particle size

Paste distribution Particle Flux Medium Solder alloys/materials
samples (1m) shape
P1 20-45 Spherical X1 (Rosin Mildly Activated)  96.5% Tin/3% silver/0.5% copper
P2 20-45 Spherical X2 (Rosin Activated) 96.5% Tin/3% silver/(.5% copper
P3 20-45 Spherical X3 (No Clean) 96.5% Tin/3% silver/0.5% copper

{14, 15]. When the paste is sheared by the squeegee,
the viscosity of the paste must be low enough to flow
into the aperture. During the aperture release process,
the viscosity of the paste must be large enough to
overcome the adhesion forces of the sidewall of
the apertures. The aperture release process could be
improved with the formation of a lubrication layer
between the aperture and stencil wall. A good print
is defined by the volume of the paste deposited on
the interfaces i.e. the deposited volume is equal to
the aperture volume. However in a manufacturing
environment, the volume deposited is always less than
the aperture volume. This is caused by the adhesion
of the paste to the stencil aperture walls. Therefore,
engineering a paste, which will easily flow through
the aperture (Fig. 2), is critical in order to achieve
consistent printing, which will ultimately reduce
defects and increase production yield.

MATERIALS AND METHODS

Apparatus

A controlled stress rheometer (Model: Physica MCR
301) with a parallel plate geometry with a diameter of
25 mm and gap of 1.0 mm was used as a measuring
device. Prior to loading a sample onto the rheometer,
the solder pastes were hand mixed with a plastic
spatula for about 1 to 2 min. A sample was loaded on
the bottom plate and the top plate was then lowered
to the desired gap height of 1.0 mm by squeezing the

exira paste out from between the plates. The excess
paste at the plate edges was neatly trimmed with a
plastic spatula. Then the sample was allowed to rest
for about 1 min before starting the test. Identical
loading procedures were followed in all the tests. All
tests were conducted at 25°C with the temperature
being controlled by a Peltier-Plate system.

Material and sample preparations

The solder pastes used for this investigation are shown
in Table 1. The variable parameters included the flux
medium, particle size and distribution and metal load
content, Samples P1, P2 and P3 were stored in the
fridge at 4°C, while the room temperature (which
could not be controlled) was monitored to average
24°C and 35% humidity. Before each rheological
measurement the samples were taken out and left
about 8 hours to reach room temperature.

The flux performs three main functions during
the soldering process. Firstly, the flux must provide
a solderable surface by removing the organic and/
or oxide layers from the surfaces to be soldered.
Secondly, the flux also serves to protect the cleaned
surface by preventing re-oxidation of the surface at
high temperatures (and this function is particularly
important for lead-free soldering applications as the
soldering temperatures are much higher than those
used for Su/Pb alloys). Finally, the flux also helps
to facilitate heat transfer between the molten solder
and the base metal on the substrate, enhancing the
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wetting of molten solder onto the base. In addition fo
cleaning the surface, the flux must also remove any
oxide on the solder alloys. Different types of rosin/
resin materials are used for solder paste formulations
to suit different applications. The rosin/resin material
1s dissolved mn a suitable solvent; and activators
may be added to enhance the fluxing activity of the
flux. The fluxing strength depends on its molecular
structure of the chemical, its physical properties and
the surrounding mediwm.

Solder pastes used in these studies can also be
classified on the basis of the flux activity and the
nature of residues left after reflow soldering for
example:

{(a) Rosin Active (RA) and Rosin Mildly Active
(RMA) flux — the main difference between
these two variants is the concentration of
activators. Residues from the soldering process
can be removed by using a suitable solvent
such as alcohol.

(b)No clean (NC) fluxes: In this case, the flux
residues are benign (i.e. non-hygroscopic, non-
conductive and non-corrosive) and hence there
is no need for cleaning of the flux residues.

Experimental test method

Hysteresis loop test

The thixotropic behaviour can be studied through the
hysteresis loop test, also known as the thixotropic
loop. In the hysteresis loop test, the shear rate is
ramped up to a maximum shear rate, ¥ and then
reversed back to the first (original) shear rate. In this
study, the shear rates were increased from 0.01s! to
50s (step-up) and the second curve was a result of
decreasing shear rate 50s' to 0.01s? (step-down).

Constant shear rate test

The constant shear rate test is used to investigate
the paste sample’s dependency on time. For a given
constant shear rate, the viscosity of the paste sample
decreases over time, ultimately reaching a steady
value. In this study the sample is subjected to six
different shear rates; 0.01 s, 0.1 ', 1 s, 10 5! and
50 s and each of the tests was carried out for a period
of 180 seconds (Table 2). When the samples were
sheared longer than 180 seconds, it was observed that
the pastes were slowly creeping out of the parallel
plates causing a massive drop in the viscosity.

RESULTS AND DISCUSSION

Hysteresis loop

As expected, the viscosity of the pastes drops with
increasing shear rate, which indicates shear thinning
behaviour of the pastes. The pastes exhibit thixotropic
behaviour as the presence of a hysteresis area between
the step-up curve (0.01 to 50 ) and step-down curve
(50 to 0.01 s™). The region between the up curve and
down curve in hysteresis curve is an indication of
the thixotropic behaviour of the pastes. Based on the
area between the two curves, sample P1 showed the
largest structural breakdown followed by sample P3
and P2 (Fig. 3). Samples P2 and P3 seemed to show
good recovery after gradual drop in the shear rates.
In addition, the recovery (%) between the step-up
(breakdown) and step-down (build-up) was measured
using the equation Recovery (%) = {[viscosity (step-
up) — structural recover] / [viscosity (step-down) —
structural breakdown]} x100, The calculated recovery
was 4.6%, 70.3% and 38.9% for samples P1, P2 and
P3 respectively (Table 3). From the results, it is clear
that sample P2 showed a good recovery compared to
P1and P3. As a concentrated suspension, the theology
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Figure 3. Thixotropic flow curve of sample
Pl {e); P2 (=); P3(¢).

Table 2. Constant shear rate test parameters.

Shear rate {(s!)  Shearing Time (sec)

0.01 180
0.1 180
1 180
10 180
50 180

Table 3. Recovery of samples P1, P2 and P3.

Sample Recovery (%)
Pl 4.6
P2 70.3

P3 38.9




of solder pastes is dominated both by the flux-vehicle
system and the solid content, the solid volume fraction
and the particle size distribution of the solder powders
[16]. In this study, all the above mentioned parameters
were constant except flux-vehicle system. Based on
the results, the good recovery shown by sample P2
could be attributed to the strong interaction between
the flux-vehicle system and the particle which gives
the paste highly elastic behaviour as opposed to the
P1 and P3.

The sample P2 consists of RA flux, solvent,
activators and thickeners. The RA flux-vehicle system
usually has a higher activator content compared to P1
and P2 samples to enhance the wetting behaviour of
the solder pastes. However the major contributing
factor to the high elasticity of sample P2 could be
due to the solvent itself. Solvents are generally non-
volatile and are used to dissolve the flux and other
active constituents in the solder paste. The selection
of the solvent blend must take into account several
conflicting properties — for example, the solder
paste must be able to flow well for good printing
performance, and it must also have good tackiness for
component placement performance, yet it must not
be too tacky to prevent the squeegee from separating
easily from the stencil after the print stroke. Again, the
solvent should have a low evaporation rate to ensure
that it does not dry out quickly, particularly during the
stencil printing; and once deposited, the solvent must
not cause cold slump or bleeding of the paste deposit
on the PCB. A good recovery after the removal of
shear rate or stress can help to maintain the structure
of the pastes deposits on the printed circuit board.

Constant shear

In the step-down experiment (0.01 s and 0.1 s7), the
viscosity of the paste gradually increased with time
(Fig. 4a,b). When the sample was sheared at 0.01 s,
the viscosity rose steeply in the first 50 sec; after this
period, the paste viscosity continued to increase. The
sharprise in viscosity could be dueto the pasteresisting
flow due to the presence of strong flocculation within
the suspension. The strong flocculation is common
in concentrated suspensions due to closely packed
structure [17]. As the shear rate is increased in one
order of a magnitude, the viscosity reaches a steady
state after the period of 20 sec. With an increase in
the shear rate, some of the paste structure is gradually
broken. It is interesting to note that at both shear rates,
sample P1 recorded the highest viscosity followed by

sample P3 and P2. The sample P1 showed the lowest
recovery compared to the other two samples. This
could indicate that the RMA flux-vehicle system used
in the formulation of paste P1 could be causing the
paste to be ‘tacky’.

In constant shear rate test, the paste viscosity is
expected to reach a steady state value as measured
for 0.1 s'. However, the viscosity curve did not
follow this trend when the shear rate was increased
to 1 s (Fig. 4c). Sample P1 showed the most drop
viscosity as opposed to samples P2 and P3. The
drop in viscosity could indicate that the sample P1
has the least stable structure compared to samples
P2 and P3. In order to strengthen this argument, the
solder pastes were subjected to a higher shear rate of
10 7 and 50 57 (Fig. 4d,e). It is interesting to note
that the samples P1 and P3 showed a drastic drop in
viscosity whilst there was no significant change in
the viscosity of sample P2, which seems to show a
good resistance to structural breakdown. The sample
P2 with the RA flux-vehicle system, which consists
of rosin, solvent, and aggressive activators could
provide a strong resistance to structural breakdown
compared to the RMA and NC flux-vehicle systems.
The build-up of structure at low shear rates could be
attributed to the kinetic process, which is dependent
on the effectiveness of the colliding particles to form
a bind between them, as opposed to high shear rates.
The results obtained support this idea for all three
samples.

Equations (4) and (5) were used to determine
the structure parameter values for breakdown
() and build-up (A,) of the solder paste samples.
The structural parameter value in the step-down
experiment (A,) was higher for the shear rate of 0.1
s”! compared to 0.01 s (Fig. 5a). The results seem to
suggest that at lower shear rates, the paste was resilient
to structural breakdown. Therefore in a step-down
(build-up) experiment, lower structural parameter,
A, will indicate a structured paste material. From
the constant shear rate test, sample P1 recorded the
highest viscosity and a highest structural parameter
value. Therefore, we can assume that sample is more
structured as the viscosity is higher but more study is
needed to prove this assumption.

In the step-up (breakdown) experiment, the
structural parameter values were close to zero, which
indicates structural breakdown in the paste material.
As expected, samples P1 and P3 showed the greatest
structural breakdown with increasing shear. However,
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Figure 5. Structural parameter values for (top) step-down (build-up), A . and (bottom)
step-up (breakdown), & of samples P1, P2 and P3 for applied shear rates. Top: 0.01 s
(m),0.1s'(); Bottom: [ s* (m), 10 s () and 50 s (=).

it is interesting to note that sample P2 had the largest
structure parameter value, which typically can be
interpreted as a strong structure despite P2 having
a lower viscosity when compared to P1. Hence, the
earlier assumption that higher viscosity could yield a
structured parameter is no longer valid in the case of
solder pastes. One of the contributions of this study
also showed that the structural parameter value could
be used to predict the stability of the sample at high
shear rates. This is important because of the various
shear rates the pastes experience during the stencil
printing process.

Conclusion

The thixotropic behaviour of the three solder pastes
samples with different flux-vehicle system was
mvestigated in this study. The samples were subjected
to hysteresis loop test and constant shear test in order
to quantify the extent of structural breakdown and
build-up in the solder paste samples. Tn the hysteresis
test, the arca between the flow curve of the increasing
shear rate and decreasing shear rate could be used as
good indicator of the past recovery. The structural
parameter value obtained from the structural kinetic
model could be used as a parameter to study the paste
breakdown and build-up. The study also found that




the structural parameter for step-up could be used to
determine the stability of the solder paste suspensions.
This information could be used by solder paste
manufacturers to ascertain the paste behaviour during
the stencil printing process and dispersion quality.

10.
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Abstract

A vertebrate fauna {amphibians, reptifes, mammals, birds) survey was conducted during the

periods 23-30 May and 7-16 September 2003 in the Broga Forest Reserve (BFR) and the adjoining Sungai
Lallang Forest Reserve (SLFR) in the Hulu Langat District, Selangor, Peninsular Malaysia. A fotal of 264
species comprising 27 species of amphibians, 28 species of reptiles, 74 species of small mammals and 135
species of birds were recorded from these two forest areas. The overall species diversity in the BFR was
24.2% lower than that of the SLFR (i.e. 160 and 224 species, respectively). The difference between the two
locations is discussed in relation to the environmental status of the forests.

Keywords

INTRODUCTION

Little is known of the vertebrate fauna in BFR. In the
1950s, during the monkey export boom, BFR was
one of the main trapping grounds for the export trade.
In the process, occasional wildlife species, such as
the common wild cat Prionailurus bengalensis, civet
Paradoxurus  hermaphroditus, linsang Prionodon
linsang and a bamboo rat Rhizomys sumatrensis were
captured by the Orang Asli there [1].

The results of our survey of the vertebrate fauna,
though not extensive or intensive (as it covered only
two weeks), are presented here to provide baseline
information for the area.

STUDY AREAS

The Broga Forest Reserve (BFR) is located at N 02°
577, E 101° 54° 09” with its highest elevation at about
352 m asl, and its lowest at about 52 m asl. The site is
bounded on two sides by Sungai Saringgit that flows in
a westerly direction along the southern boundary and
Sungai Tekali which flows in a southwest direction
along the north western boundary. Adjoining the BFR
on the east is the Sg. Lallang Forest Reserve (N 02° 57°

species diversity — amphibians — reptiles — mammals — birds

327, E 101° 54’ 02”) comprising undulating forested
hills with elevations ranging from 200 m to 500 m
asl. Both the study sites were logged-over forests.

Broga Forest Reserve is a highly disturbed forest
type covered with thick undergrowth and lower
tree species forming a rich under-canopy layer. The
vegetation here is mostly scrub (dry bushes and small
trees) and some secondary regeneration forest (tall
trees with lush ground vegetation of palms, bananas
and gingers etc.) It has also been severely disturbed
by illegal cultivation of fruit trees (such as durian,
star fruit and rambutan). There are many small and
large streams, some with crystal clear water. Human
traffic is rather heavy, comprising mainly farmers
tending their orchards.

In the more hilly parts of Sg. Lallang Forest
Reserve, the habitat type is also heavily disturbed
with thick undergrowth, giving a similar structure of
a regenerating forest type. The habitat is always dry
compared to the seemingly moist riparian condition
of the Broga Forest Reserve. There are some small
streams and rivers that are crystal clear, but these
are hard to come by within the forest areas. Patches
of the area are sparsely planted with durian and
banana by the Orang Asli communities, and there
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Abstract

The medial axis or skeleton representation of a 3D solid has many applications in engineering.

However its full potential in applications such as mesh generation, feature recognition, robot path has been
hindered by the lack of robust and general medial axis algorithm. A discrete approach of computing the
medial axis is presented. This algorithm exploits the Delaunay triangulation empty sphere property. Along with
this algorithm, the medial axis and its associated topological entities are defined. This algorithm adopted an
adaptive approach toward medial axis computing, in that the boundary point set of the Delaunay triangulation
is refined where necessary to guarantee a correct topological representation of the medial axis.

Keywords

INTRODUCTION

The medial axis, known as skeleton in other
publications [1], has many unique characteristics
that attracted the attentions of many researchers
throughout the world. There are literally hundreds of
articles written on various aspects of the medial axis
transform (MAT), since its first introduction by Blum
[4]. It has shown its potential in many engineering
applications, such as finite element meshing [6];
font design [9]; and tool path generation [10]. The
uniqueness of the medial surface also prompted a
possible complimentary representation [11] alongside
Boundary Representation and Constructive Solid
Geometry, in CAD.

Given the vast research on MATs on various
aspects, there is no single definition for the medial
surface. A survey of different kinds of algorithm for
the construction of the medial axis can be found in
[3]. With that in mind, we define the medial axis as
follow:

The medial axis a 3D object is described by the

closure of the locus of the centres of all maximal

inscribed spheres (Fig. 1). A sphere is maximal if
it is contained within the object but not within any
other sphere within the object.

The medial axis has applications in idealisation

medial surface — medial axis — skeleton — idealisation — dimensional reduction

Object boundary

iedial axis

Maximal disc
Oblect pounta™y

Maximal Sph

Figure 1. Medial axis and maximal sphere.

for the Finite Element Analysis (FEA). FEA often
requires the object to be abstracted in the context
of its structural behaviour. The geometric model is
transformed into an abstracted model through the
removal of details and structural idealisation for
better and faster analysis as well as to increase the
efficiency of mesh generation.

This is where the medial axis abstraction steps
in to alleviate the many limitations by providing a
complementary representation which captures the
geometric proximity of the boundary elements in
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a simple form. It provides a unique description of
shape that is of lower dimension than the original
object[13].

Unlike the exact computation algorithim proposed
in [15], which is computationally intensive and
limited to only polyhedron, this work proposed an
approximation algorithm in deriving medial axis.

DELAUNAY TRIANGULATION

A fundamental property of the Delaunay triangulation
of a set of distinct points is the empty circumsphere
property. The circumsphere associated with each
Delaunay tetrahedron does not contain any other
point in its interior. This property will form the
basis of the dicretization algorithm presented in this
paper.

Consider a set of points S, created on the boundary
of an object, W, As / tends to 0, where / is the
length of the longest edge of the discretization of
the boundary of W, the circumsphere associated
with each tetrahedron in the triangulation tends to a
maximal circle within the object. In other words, the
medial axis is obtained by joining the circumcentre
of the tetrahedra in the triangulation [16]. This
description can be more easily visualized by
examining the 2D counterpart (Fig. 2). As the
Delaunay edge on the object boundary of the triangles
shrinking from right to left the circumcircle also
tend to become a maximal disc in the object.

There are several algorithms for constructing
the Delaunay triangulation of a point set in R’
and it can be considered a solved problem. The
triangulation algorithm implemented in this paper
for the construction of Delaunay triangulation is the
randomised incremental flip algorithm by Miicke
[18].

ASSOCIATING TETRAHEDRA TO
TOPOLOGICAL ELEMENTS OF MEDIAL
AXIS

All the tetrahedra within the triangulation can be
uniquely identifiable with a particular element of the
medial axis topology. The distinction between the
topological elements of the medial axis is dependent
on the manner in which the inscribed sphere interacts
with the object boundary. Therefore, some definitions
relevant to the boundary maximal sphere interaction
are defined below.

Definition I A site is a distinct point, finite Iine

interval or finite area at which a maximal sphere

touches the object boundary tangentially.

Definition 2 The order of a sphere is the number

of sites at which the sphere touches the boundary.

The domain of the solids being considered in
this work will only permit distinct point tangencies
between the sphere and the solid boundary. This
imposes restriction on the maximum curvature of the
solid boundary.

A maximal sphere is quasi-tangent at a site if a
boundary element in the site is contained in the
closure of one or more other elements and the
sphere is tangential to the geometries of all elements
concerned. Thus, the condition of tangency is relaxed
so that, for example, a sphere which is tangential
to the geometry of a face (or edge) at its bounding
edge (or vertex) is considered to be tangential to both
elements. Hence, the sphere is quasi-tangential to e/
and 73 (Fig. 3). -

A sphere in space is specified by four parameters,
the three coordinates of its centre and its radius. Hence,
from four distinct tangent points four equations can
be formulated from which these parameters may
be determined. This is sufficient provided the four
equations are linearly independent, i.e. the tangent
points are non-coplanar. Three distinct tangent points

Figure 2. The circumcircle of a Delaunay triangle
approximates an inseribed circle.

Figure 3. Inscribed sphere is guasi-
tangential to el and 13.




(2) F_TYPE

Figure 4. Tetrahedra classification.

(b) E_TYPE

introduces a one-dimensional freedom to the solution
space. Two distinct tangent points will introduce a
two-dimensional freedom in the solution space. In
a similar manner, a point on the medial surface is
classified according fo the order and the degree of
translative freedom of its associated sphere.

F_TYPE: tetrahedron associated with the face of
the medial surface, the equivalent topological sphere
is second order, no touching site is quasi-tangential.
Hence the tetrahedron interacts with the object
boundary at two disjoint boundary elements, which
do not bridge topologically adjacent elements (Fig.
4a).

E TYPE: tefrahedron associated with a normal
medial edge. The equivalent topological sphere is of
third order and no touching site is quasi-tangential.
The tetrahedron interacts with the object boundary at
three disjoint boundary elements (Fig. 4b).

IE_TYPE: tetrahedron associated with an
intermediate medial edge. The equivalent topological
sphere is of third order and is quasi-tangent at one or
maore touching sites. The tetrahedron interacts with the
object boundary at two disjoint boundary elements,
one of which bridges topologically adjacent elements
(Fig. 4¢).

V_TYPE.: tetrahedron associated with a normal
medial surface vertex. The equivalent topological
sphere 1s of fourth order and is quasi-tangent free
(Fig. 4d).

Equation formulation

Computing the exact position of the medial vertex
can be formulated as a system of cquations based
on the conditions which a maximal sphere should
satisty at the points of contact: equidistant, tangency,
perpendicularity etc, At any given site the sphere may
touch an individual face, edge or vertex tangentially
or it may touch a group of these elements quasi-

(c)IE_TYPE (d) V_TYPE

tangentially. In this section six fundamental tangency
cases are identified to which all the more complex
cases are reducible using simple rules.

For each medial surface vertex, the following
unknowns will be solved: the coordinates of its
circumeenires, x, ¥, z_, the sphere radius r, and the
position of the exact tangent points in parameter space
(u,v}) on a surface and ¢ on a curve.

It is assumed that the surface on which each face
lies is represented by a continuous, single valued, bi-
parametric mapping with continuous second order
derivatives, and is expressed in the form: x=x{u,1u),
y=y(u,v), z=z(u,v). P(u,v) is a vector to a point on the
surface and n(x,v) the inward pointing unit normal at
that point.

The curve associated with each edge is represented
by a continuous, single valued, single-parametric
mapping with continuous second order derivatives
and is expressed in the form: x=x(1), y=p(t), z=z(1).
P(f) is a vector to a point on the surface and €(¢) the
unit tangent at that point.

In the following analysis p, is a vector to the
position of the centre of the sphere.

Case (a). Tangency to a surface

There are two unknowns, the parameter & and v at the
point of tangency (Fig. 5). The sphere must satisfy the
following vector equation.

plu,v)+rn(u,v)-p, =0 ()

Case (b). Tangency to a citive

There 1s one unknown variable in this case, the
parameter ¢ at the exact tangent point, (Fig. 6). The
sphere must satisfy the following vector equation.

(. —p() (p.—p(0) =7 (2)
(p.—p(t} £()=0 (3)
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Figure 5. Tangency to a surface,

Figure 6. Tangency to a curve.
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X

Figure 7, Contact at a point.

Figure 8. Tangential to a surface at
an object edge.

Case (c). Contact at a vertex

The position of the vertex is fully fixed and does
not vary (Fig. 7), if p, is the vector to the position
of the vertex then the sphere must satisfy the scalar
equation.

(pc“pi}‘(pc—pl):r: (4)

In the following cases of quasi-tangency the
lower order boundary element inherits the tangency
constraints of the higher boundary element. Therefore
the surface edge quasi-tangency equation willresemble
the tangency to the face equation, and the curve-vertex
quasi-tangency equation will resemble the tangency
to the edge equation and etc.

Case (d) Sphere tangential to a surface at
an object edge
The sphere must satisty the equation

p(f)+r{r}—p, =0 (5)

where p(#) is a vector to a point on the curve and n(f)
is the unit normal to the surface at a parametric point
ton the curve (Fig. 8). This equation forces the sphere
to be tangential to the surface at a point on the curve.

Figure 9. Tangential to a surface at an
object vertex.

Case (e) Sphere tangential to a surface at an

object vertex

The position of the vertex (Fig. 9) is fully fixed
and does not vary, p, is a vector to the position of
the vertex and n, is the normal to the surface at the
position of the vertex.

Py rmy —p, =0 (6)

This equation enforces a tangency to the surface
constraint at the vertex.

Case (f) Sphere tangential to a curve at an

object vertex

The position of the vertex is fully fixed and does not
vary, p, is a vector to the position of the vertex and t,
is the unit tangent to the curve at the position of the
vertex

(p.-p)p.—py) =+ (N
(pc—p])-tE:O (8)

The appropriate set of equations is assembled
for the tetrahedron in question based on the
boundary entity which it touches and the
nature of the tangency at each touching site.




Adaptive refinement

The main limitation of using Delaunay triangulation
to approximate the medial axis is it is impossible to
pre-determine the boundary point set required in order
to generate an accurate medial axis. As the feature list
grows and the object geometry gets complicated, the
approximation fails to capture fine details. It is simply
because the triangulation generated is too sparse to
capture local features. The typical result of this low
resolution is illustrated in Figure 10 where a small
medial face is lost due to poor resolution.

Ambiguity within the medial axis in these situations
can be overcome by enforcing a higher resolution at a
global level. However, it is more desirable to identify
segments of the medial edges where ambiguity may
be presented and refine the resolution in that particular
area. The critical segments of the medial edges can
be filtered out during the tracing process. Consider
medial edge mel, it is governed by faces f,, f, and
f; For any tetrahedra around the shaded region in
Figure 10a which also corresponds to the medial edge
mel, the inscribed sphere of these tetrahedra will not
be able to converge to a maximal sphere within the
object (Fig. 10c). Clearly it will result in incorrect
medial surface topology (Fig. 10b).
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Figure 10. Ambiguity in medial axis due
to poor resolution.
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Figure 11. Points insertion and corrected
inscribed sphere

Therefore, instead of computing the medial axis
from the sparse triangulation directly, this work
presents new algorithm where a tentative tracing will
be carried out to eliminate any possible ambiguities
regions. These ambiguities regions caused by the poor
triangulation can be easily identified by performing
a Boolean operation between the maximal sphere
and the object itself. Subsequently inserting the
exact tangent points of the maximal sphere into
the triangulation, these tangent points will include
the points on the three govemnor boundaries as well
as the fourth boundary entity which is within the
sphere radius. As for the case in Figure 11, the fourth
boundary entity is the f,

Examples shown in Figure 12 are some results of
the previous explained algorithm. (12a) is basically
a block with a tapered cylinder cut out in the middle
plus a torus cutout on the top surface of the block.
{12b) is just half section of a hook. (12¢) is again a
block with half torus cutout in the first section of the
block, followed by a sphere cutout in the middle of
the block, then one slanted cylinder cutout near the
bottom of the block. {12d) shows a simplified version
of the piston crown.

SUMMARY AND CONCLUSIONS

This paper presents an algorithm which exploits
the properties of the Delaunay triangulation while
avoiding the need for a dense triangulation. With
the tetrahedra classification scheme, a natural and
intuitive association befween tetrahedra and medial
surface topologies is established. Then topology of
the medial surface is assembled by tracing along the
medial edges. During fracing, computation of the
exact point on the medial surface is carried out on the
fly for every tetrahedron. Should the object become
complicated and a finer triangulation required, an
adaptive triangulation refinement also introduces for
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(a)

(b)

Figure 12. Medial axis examples.

the success of medial surface computations so that problems concerning the quality of the facetted medial
fine details can be captured. surface. Although this issue again could be resolved

The algorithm has been implemented for B-rep if a denser triangulation was used, the final objective
model (ACIS). Therefore it is possible to port the is to assemble the medial surface topology with the
algorithm to other representation schemes, provided tracing algorithm from sparse triangulation, then the
the interface is implemented. There are still many geometry will be computed in an adaptive way [19].
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Study of chaotic dynamics and hysteresis in ferromagnetic film
via discrete model
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Abstract In this paper, the ferromagnetic Landau free energy expansion is rewritten in discrete form along
the film thickness. Calculus of variation is then applied on the discretized free energy expansion. In equilibrium,
the initial magnetization profile of the ferromagnetic film is calculated by imposing boundary conditions. With
applied time dependence magnetic field, the dynamics in the ferromagnetic film are obtained by combining
the variations of discretized Landau free energy expansion and Landau Lifshitz (LL) equation of motion. The
resulting coupled first order nonlinear differential equations are solved numerically and presented graphically
by using different surface parameters, thicknesses of the film, and various amplitudes and frequencies of the

applied field.

Keywords
energy expansion

INTRODUCTION

In recent years, the use of ferromagnetic film has
become widespread in engineering application. These
applications include magnetic recording process,
cores for electromagnets, transformers, etc [1]. Phase
transition in ferromagnetic system has been studied
extensively both theoretically and experimentally [2-
5]. In 2001, Jang and Grimson [6] have reported the
dynamics phase transition of ferromagnetic thin film
by using Monte Carlo simulation. Liu and Gareia-
Cervera [7] have studied the effects of incorporating
thermal noise into LL equation of motion for the
ferromagnetic thin films. They have reported the
relation between the thermal noise and switching fields
in the hysteresis loop. In experimental observations,
Yan ef af. [8] have reported the magnetization reversal
of magnetic thin film by using a free boundary
domain wall pinning model. Besides this, Nozaki and
Matsuyama [9] studied the magnetization reversal in
a single-domain magnetic particle. From the literature
survey, it is obvious that most of the theoretical
studies on magnetic films are based on Landau free
energy expansion via continuous model, or magnetic
Hamiltonian via Monte-Carlo simulations. It is of
interest to carry out an alternative approach for the

discrete model — chaos — hysteresis — ferromagnetic film — magnetization profile — Landau free

study of dynamics in ferromagnetic film, i.e. Landau
free energy expansion via discrete model [10], which
is more realistic in numerical simulations, and this is
the main theme of this paper. The calculations and
results in this paper is an extension of the research in
bulk forromagnet [11, 12].

FORMALISM

For ferromagnetic system in finite geometry, i.e. a
ferromagnetic film, its Landau free energy per unit
area expansion is rewritten in integral form:

2

f:fa+fff;{§azmz+gazw+£(m)

21 dx

A 2
—B(I)-Mj[d‘:*'?i"@l—“?z +M+L/2-)

(1)

with the boundary conditions:
My Im=0, =tz (2)

d A 2

J, is the free energy other than the contribution of
order parameter in ferromagnetic phase, ¢, ¢, and
o, are the Landau coefficients, A is a constant, M is
the magnetization, A is the extrapolation length [2,
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is constant traffic of Orang Asli visiting the forest
in search of rattan and bamboo as well as hunting
animals for food.

METHODOLOGY

A herpetologist, a mammalogist, two ornithologists,
a parasitologist, two para-professionals and three
Orang Asli comprised the field team. Two field trips
were carried out in the periods 23-30 May 2003 and
7-15 September 2003.

Amphibians and reptiles were searched and
captured during daylight hours and at night following
established techniques [2].

The mammal survey, particularly of small
mammals was conducted by using 200 collapsible
traps, 100 for each of the trapping sites. To capture
bats, two harp traps and four mist nets were
deployed. The baiting of traps, placements, time
of collection and direct and indirect methods of
observations, followed established techniques and
procedures {2].

The bird survey was carried out by two
ornithologists. They noted down the birds seen or
heard when walking along the existing tracks and
foot paths. The birds seen were identified using 10x42
Swarovski binoculars and a Kowa scope. Bird songs
were identified based on knowledge accumulated over
20 years of field experience. In the event where bird
calls were unknown or unfamiliar, a tape recorder with
a directional mike was used to record the call and then
played back to lure the bird for sight identification.
The time spent in the field varied but in general,
observation started at 0700 hr until 1300 hr when bird
activities started to slow down, with a second round
of observations beginning around 1500 hr and ending
at sunset. Occasional night forays were made to look
for nocturnal species like owls, frogmouths, nightjars
ete. The identification, taxonomic order, status and
common and scientific names are based on existing
literature [3-6].

RESULTS AND DISCUSSION

A total of 264 species of vertebrates was recorded
during the survey in BFR and SLFR. There were
27 species of amphibians, 28 species of reptiles, 74
species of mammals and 135 species of birds (Table

).

Table 1. Number of vertebrate species in Broga Forest
Researve and Sg. Lallang Forest Reserve,

Broga Sg. Lallang Total

Taxon FR FR Percentage
Amphibians 22 18 27 10.2
Reptiles 19 19 28 10.6
Mammals
Volant 24 30 33 12.5
mammals
Non- 23 36 4 15.5
volant
mamimals
Birds 72 121 135 51.2
Totalno. of -, ) 224 264
species

The number of species found in BFR was 24.3%
lower than that in the adjacent SLFR. The higher
number of species in SLFR was due to the bird and
mammal groups, especially the birds. In the case
of amphibians and reptiles, there was no marked
difference between the two sites. The fower species
diversity in BFR can be attributed to the constant
disturbance due to the ongoing activities of contractors
opening tracks into the forest to access certain areas
both for drilling works (water tests) and seisinic
testing as well as the daily visits by the farmers to
their orchards. In contrast the adjacent SLFR was
only visited by the Orang Asli hunting for animals for
food and collecting forest products (bamboo, canes).

Amphibians

A total of 27 species of frogs and toads from five
families were collected from the BFR and adjacent
SLFR (Appendix 1). Among these, only five species,
the Tweedie’s stream frog Limnonectes tweediei, the
Wallace flying frog Rhacophorus nigropalmatus,
Tunku’s tree frog Rhacophorus tunkui, the Smooth-
skin wart frog Theloderma licin and the Rufous-sided
sticky frog Kalophiynus pleurostigma were interesting
findings in both study sites. These five species though
common are hot as abundant in forested areas [2, 7, 8].
The rest of the 22 species are common and abundant
in forest and open habitats [9].

Reptiles

The 28 reptilian species (Appendix 1) comprised
13 species of lizards from four families (Agamidae,
Scinicidae, Geckonidae and Varanidae), 13 species of
snakes from three families (Pythonidae, Colubridae
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3, 5, 13, 14], and B(/) is the applied time dependent
field. The thickness of the film is L, and is along
the x - direction. The dimensions of the film are
assumed as infinities along the y - and z - directions.
In this approach, we consider the system in its
ferromagnetic phase can be represented solely by the
Landau free energy per unit area expansion in terms
of its order parameter, i.e. M, its material constants
and temperature. This means we have neglecting
the microscopic effects, i.e. anisotropy, domain wall
movements in the presence of applied field, and all
the quantum mechanical interactions that usually
considered in the research of ferromagnetic system. In
equation (1), the surface energy has been considered
into Landau free energy expansion. Based on
equation (1), and a schematic sketch of discretized
ferromagnetic film (Fig. 1), the Landau free energy
per unit area expansion of a ferromagnetic film is
reconstructed into discrete form:

bg 2, 1 ), bAS M
G=GD+'— 2 [azMn +£C!2Mn ‘{-‘?2 E

A= N4l A==

_b EJ:B(!) .MJI ] + %(MMZZ + M+L.’22) (3)

where |N| is the number of slices from the centre to
the left and right of the film, —-N<n<+N, n is
position index along the thickness of the film from
—N to +N, b=L/h isthe thickness of a slice, with /
is the total number of slices, and L is the thickness of
the film. The magnetization, M, , in each slice is
considered as a 3-dimesional vector with Cartesian
components M, =M, i+M, j+M, k. The
spatial dependence term, i.e. dM/dx , is expanded
by forward difference truncated at the first order. In
equilibrium, the variation of free energy per unit area
1s minimum, i.e.
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Figure 1. Schematic sketch of ferromagnetic
film in discrete model.

where i=x, ¥, and z. With zero applied field,
equation (4) gives the equations of state of every slice
of the film. For the left surface of the film, n=-N~,
these are:

A A
“1;" (M—N_.i - MmNJrl,! )’“5;“ M—N,s =0 (5)

Similarly, the equations of state of the right surface
of the film, n=+N | are:

A A
N (M—N,i M _yu; )"' " M_y,; =0 (6)

and the equations of state of inner part of the film,
-N<n<+N , are:

2 2 2
aZMrz,i+a4Mn.i X +Mn‘y %Mn,z )

A
H-b_z(zMn,inn—l, i _MrHl,.‘):O (7)

Based on the equations (5) to (7), the discrete
magnetization profiles are presented graphically by
using YIG parameters. With positive extrapolation
length, i.e. A=ga, where 0=12.376x10"%m is the
lattice constant of YIG, the magnetization profiles
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Figure 2, Magnetization profiles of x-component for five
thicknesses, i.e. L (solid line), L, (dotted line), L, (dash
line}, L, (dash-dot-dot line), and L, (long dash line), (a) with
positive extrapolation length, A=q, and (b) with negative
extrapolation length, A=-a.




of x- component for five different thicknesses of the
film are shown in Figure 2(a). These are L. =1.0x1.0°a,
L, =1.6x1.0%q L =2.0x1.0°a Ly =3.0x1.0%a and
L. =3.6x1.0°a Ags the thickness of the film increases,
the magnetization profile increases. For the thick
film, the slices in the middle are assumed as bulk
values. For negative extrapolation length, i.e. A=-a,
the magnetization profiles of the x- component
for the same set of thicknesses are shown in Figure
2(b). As the thickness of the film increases, the
magnetization profile decreases. This is opposite if
compared with the films with positive extrapolation
length. Again, for the thick film, the magnetization
of the middle slices is assumed as bulk values. The
results in Figure 2 clearly show the effects of the
surface parameters and thicknesses of the film to the
magnetization profiles. The magnetization profiles of
v~ and z -~ components are similar to x- component.
These magnetization profiles will be used as the initial
values in the numerical simulations of the dynamics
in ferromagnetic film,

The dynamic responses of the magnetization in
each slice of the ferromagnetic film are described by
the phenomenological LL equation of motion:

_d-;vI%S_YMHXFMH’X(MHXBL’J,H) (8)
X

With applied magnetic field, the effective field derived
. from the variation of the free energy per unit area in
equation {(3) is:

5G d| oG oG
Bgomi =5 —="|12l55 " ’
eff ,n,i &w”,i [d,\ [aM"J ] a"wn.i ] ( )

Since the free energy per unit area does not contain
M, ;, the first term on the right of equation (9) is zero.
The effective field is simplified to

oG
i =8M—M (10)
In vector form, this is:
G - 0G - JG -
B = i + i+ k 11
Eﬂ-! ! aMH‘.\’ I aM", )’ J aMlT,: c ( )

Explicit evaluation of (10) or (11) gives the effective
fields of the left surface of the film, n=-N,

A A
Bugowy =5 Wy = Moy oMy (120)
where j=x and y, and
A : 1
Bog.—w,z *3 (M-N.: =My )*'i"‘M—N.: ~bB. () (12b)

Similarly, the effective fields of the right surface of
the film, »=~N, are:

A A
By v = Iy (M+N,j =My )*‘x Moy ; (13a)}
where j=x and y, and
A A
Boy sn: = N (M+;\'.: ~Miya: )"1‘ Moy -bB. (") (13b)

Besides these, the effective fields of inner part of the
film, -¥ <w<+N , are:

2 z 2
Beﬁ’”‘jzb[agM,,,j +oc4}\/{,,‘j@/[,,,_‘. +M,, +M, )

Fmﬁ)m(szn J _}V[llul J _1‘/["-!-] j):| (143')
b- » » ¥

where j=x and y, and

Bqﬁ‘,u,: = blta2h’[n,: +a4"]’{‘{n,:cwn.x2 +M""‘,2 +1Mu,:2)

+ biz (2114(;1,: - ‘lwu—l,: - IM,H,LZ )— B: G)] (14b)
Substitution of equations (12} to (14) into (8) yields
the dynamic equations or equations of motion of
the discrete magnetization of the film, and these are
summarized in the following equations:

dM -y.x

|
b MMN‘_‘,+1‘1‘vf_,vv_r1‘l:1_,\!_:)‘.\'

A A
h Mz =5 Moy +bB:(r)]

A
A
~Lia]  (15)

M e Moy M Ly {i;— My, ~dar . ]
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dM ~Np A A
MW&..;W.,:L. =Myt FM,N. N ""f—,-'\’,y {F ﬂffﬂ\,ﬂ‘ i I J‘IE{A‘\;'-‘]
+ (nv!-i\’. y“'[—.\",: ~YM_y . {;';{_ Mz _%M—;\"‘: +bB: (t)]

2 4 4
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dM _y .
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dr - SRR 2 '
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My M =M, NN, — 2y
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2 4
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for the left surface slice, and
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for the right surface slice, and
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for the inner part of the film, with —-N<n<+N.
Equations (15) to (17) are solved numerically by using
forth order Runge-Kuita Method, and the results are
presented graphically in Section 3.

NUMERICAL RESULTS AND DISCUSSION

Frequency effects

In the numerical simulations of equations (13) to
(17), the material constants of YIG has been used.
These are ¢=12.376x10""m for lattice constant,
M=1.39x<10° Am’ for saturation magnetization,
T.=560K for transition temperature, Y =1.76x10"'T
'S for gyromagnetic ratio, and the damping constant
is assumed as 77 = 0.01. With applied sinusoidal
maghnetic field, the simulated results after each time
slice are taken as the average of the magnetization in
the film, and these are given as:

Hﬁ(’)=l -'—EN A/[i "(f) and M____I_ +£ “'Ml'.u(!) (18)
f N ' d By iq

f=-N

where i=x, y,and z.

Initially, the extrapolation length is set to a
pasitive value, t.e. A=« . In order to see the effects
of applied frequencies, the thickness is fixed at
L, =1.6x1.0°a and three different frequencics, i.c.
=25 Hertz, 50 Hertz , and 10 Hertz are chosen in the
numerical simulations. Figure 3 shows a full cycle
of time dependent applied field for /=25 Hertz, with
amplitude B,=1.0x10"* Tesla. The information of the
dynamic behaviors with respect to the applied field
is based on the numerical curves of M, versus ¢, M,
versus B (1), and dM, /di versus M,. The graphs
with significant effects of B, are shown in Figures
4 to 6. The numerical simulations show that there is
no change in M,, M, and M_ for B < 3.0x10"
Tesla, because of the applied field is too weak. This
is followed by gradual increase in the amplitude
of applied field. For B, <B., where B_=50x10*
Tesla, the period of the dynamic responses of A,

1.5c-15
1.0e-15
30016
B, (1)
5.0e.16

-1.0e-15 A

-l3e-18

0.0 502 24002 3.0e-2 4022

Figure 3. A full cycle of B,{)= B, cos{or)
versus 1. The amplitude is B=1.0x10" Tesla
with /=50 Hertz.




are the same as input frequencies. These are shown in
Figure 4(a) for three different input frequencies. The
corresponding phase portraits are shown in Figures
4(b) and 4(c). The dynamic behaviors of A/, and M,

aresimilarto M _ . This means thatthe ampi]tude of thls
applied field is still too weak to excite any nonlinear
behavior. These quasi-periodic responses remain for
the higher frequencies, i.e. /=50 Hertz and 10 Hertz.
However, the amplitudes of A, decrease as the
frequency increase. This can be seen in Figule 4(a),

with M, (t)f <100 Hertz < M (r)f‘“SO Hortz < (r)f =25 Hertz

This means as the frequency increases, the response of
the ferromagnetic film decreases. The corresponding
phase portraits in Figures 4(b) and 4(c) show the
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Figure 4. Phase portrait of magnetization for three
frequencies, =25 Hertz (solid line), /=50 Hertz (dotted
fine), and f=100Hertz (dash line) with B =5.0x10"

*Tesla. (a) a7, versus ¢, (b) M, versus B: ), ©
dM _ /dt versus M _ .

same features, with the size of the loops decreasing
with increasing frequencies.

The onset of chaotic responses or non-periodicity
arc observed only in M, and M, components for
By » Bo. The quasi-periodic response remains
in M. component. For B =20.0B_, the period of
dynamic responses in M, are being eight-folded
for /=25 Hertz, four-folded for /" =50 Hertz, and
two-folded for f=100Hertz. These are shown in
Figure 5(a). The corresponding phase portraits are
shown in Figures 5(b) and 5(c). These responses are
chaotic because the phase portraits neither repeat nor
overlap. The dynamic behavior of M, are similar to
M . . Further numerical simulations show that when
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Figure6. M VeIsus g_ (g) with B, = 669.7 B,
for £=25 Heftz (solid line}, By =675.08, forf
=50 Hertz{dotted line), and Bo =685, 93 c for

f =100 Hertz (dash line).

the amplitude of applied field is being increased, the
chaotic responses become more intense. These chaotic
responses of M, and M, can be observed only with
B, <670.1B8 for f=25 Hertz, B, <675.3B for /=50
Hertz, and B, < 668.4B, for f =100Hertz.

The range of B, for M_ to show nonlinear
responses is different as compared to M, and M,
components. For By >160.0B., the quasi-periodic
responses in M, disappear. When B, = 650.0B,, the
hysteresis effects become obvious. The hysteresis
loops can be observed with 669.78, < B, <670.15,
for £ =25 Hertz, 674.98. < B, <675.3B. for f =50
Hertz, and 685.98, < B, <686.48 for f=100Hertz.
Complete hysteresis loop for three different
frequencies are shown in Figure 6 with B, =669.78
for =25 Hertz, B, =675.0B, for f =50 Hertz, and
B, =685.9B, for f=100Hertz.

Thickness effects
In order to see the effects of thicknesses of the
film, the frequency is fixed at f=25 Hertz, and five
different thicknesses of the film are chosen, these
are L, =1.0x1.0°a, L, =1.6x1.0°a, L; =2.0x1.0%4a,
=3.0x1.0°a , and Ls =3.6x1.0° a, which are the
same as the thicknesses of the magnetization profiles
in Figure 2. The numerical simulations show that there
i$ no change in M LM 5 and M with B, < 3.0x10
2 Tesla. This is foilowed by gradual increase in the
amplitude of applied field. The period of the dynamic
responses of M, are the same as input frequency
with B, < B, . These are shown in Figure 7(a) for five
different thicknesses of the film with 5 =20.08. The
corresponding phase portraits are shown in Figures
7(b) and 7{c). The dynamic behaviors of M and M,
are similar to A7, . This means that the amphtude of
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Figure 7. Phase portrait of magnetization for
five thicknesses, i.e. [, (solid line), 7, (dotted
line), 7, (dash line), r, (dash-dot- ot line),
and Ls (long dash line) W1th B, =0.2B, and
pos1t1ve extrapolation length, () M,

versus ¢, (b) M, versus B_{t}, (c) daM /dz
Versus Mﬁ

this applied field is still too weak to excite any
nonlinear behavior. However, the amplitude of 3,
increases as the thickness of the film increases. The
corresponding phase portraits show the same features
in Figures 7(b) and 7(c), with the loops is being raised
and increased in size as the thicknesses of the film
increases. These results clearly show the effects of
amplitudes of the applied field and the thicknesses of
the film to the dynamic responses of M.

The onset of chaotic responses are observed
only in M, and M, components for B, > B.. The
quasi-periodic response remains in M, component.
For B, =4.0B., the period of dynamic responses in




M are two-folded with five different thicknesses
of the film. These are shown in Figure 8(a). The
corresponding phase portraits are shown in Figures
8(b) and 8(c). These responses are chaotic because
the phase portraits neither repeat nor overlap. The
dynamic responses of A7, are similarto M, . Further
numerical simulations show that as the amplitude of
applied field is being increased, the chaotic responses
become more intense. These chaotic responses of M
and M, can be observed only with B, < 670.18, for
Ly, By <66998. for L,, and B < 69.7 B for I,,
Ly and L.
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Figure 8. Phase portrait of magnetization for
five thicknesses, i.e. L, (solid line), L, (dotted
line), Ly (dash line), L, (dash-dot-dot line),
and L; (long dash line) with By =4.08, and
positive extrapolation length, A=a. (a}) M,
versus £, (b) M, versus B, (t), (c) dbf Lt
versus M.

The range of B, for M, to show nonlinear
responses is different as compared to M, and M,
components. For B, >160.08., the quasi-periodic
responses in M, disappear. When B, > 650.08, the
hysteresiseffectsbecomeobvious. Thehysteresisloops
can be observed with 669.7B8, < B, <670.18, for L,
669.68 <B <669.7B_ forL,,669.58.<B <669.78..
for L,, 6694B, <B, <669.7B, for L, and L,.
Complete hysteresis loop for five different thicknesses
of the film are shown in Figure 9 with B, = 669.68,

Negative extrapolation length
In order to observe the effects of negative
extrapolation length, it is fixed at a negative value,
i.e., A =—a, and the frequency is fixed at /=25 Hertz,
and the same set of five different thicknesses of the
film are chosen. The numerical simulations show
that there is no change in A7, #,, and A, with
B, < 3.0x10" Tesla. As the amplitude of applied
field increases, the quasi-periodic responses of M,
are observed with B, < B, where the periods are
the same as input field. These are shown in Figure
10(a) for five different thicknesses of the film
with B, =0.2B.. However, the amplitudes of M,
decreases as the thickness of the film increases.
These are opposite as compared with the results with
positive extrapolation length. These results clearly
show the effects of the surface parameters. As the
thicknesses of the film increased, the magnetization
profiles decreased. The corresponding phase portraits
show the same features in Figures 10(b) and 10(c),
with the loops is being dropped and decreased in size
as the thicknesses of the film increases. The dynamic
behaviors of A7, and M, are similar to A .

The onset of chaotic responses are observed
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Figure 9. M_ versus B_ (1) with A=« for L,
(solid line), L, (dotted line), L, (dash line),
L, (dash-dot-dot line}, and L; (long dash line)
with B, =669.68.
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Figure 10. Phase portrait of magnetization for
five thicknesses, i.e. L, (solid line), L, (dotted
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negative extrapolation length, A =—a. a) M,
versus 7, (b) M, versus B, (1), (c) dM, /d
versus M, .

only in A, and A/, components for By > B.. The
quasi-periodic response remains in A/, component.
For B, =4.08, the period of dynamic responses in
M, are two-folded with five different thicknesses
of the film. These are shown in Figure 11(a). The
corresponding phase portraits are shown in Figures
11(b) and 11(c). The dynamic responses of A,
are similar to M. Further numerical simulations
show that as the amplitude of applied field is being
increased, the chaotic responses become more
intense. These chaotic responses of M, and M, can
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Figure 11. Phase portrait of magnetization for
five thicknesses, i.e. L, (solid line), L, (dotted
line), L; (dash line), L, (dash-dot-dot line),
and Ls (long dash line) with By =4.08, and
negative extrapolation length, A =-a. a) M,
versus £, (b) M, versus B, (), (c) dM  /dr
versus M, .

be observed only with B; <669.95, for L, to L.

The range of B, for M _ to show nonlinear
responses is different as compared to M, and M,
components, For B, >160.08,, the quasi-periodic
responses in M, disappear. When B, > 650.08,., the
hysteresis effects become obvious. The hysteresis
loops can be observed with 669.08, < B, < 669.38, for
L,,669.1B =B <669.3B forl,,669.28 <B <669.35,
for Lyand L, , By = 669.3B,. for L, . With B, =669.25,
hysteresis loop for five different thicknesses of the
film are shown in Figure 12.
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Figure 12. M, versus B,(t) with A=—a
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CONCLUSION

The main focus of the study is the formulation of
dynamic equations of a ferromagnetic film via discrete
model. By using the forth-order Runge-Kutta method,
the observation of chaotic responses in the average
magnetization is determined by proper selection of
initial conditions of Af,. The dynamic behaviours
of the entire film are extracted from the average
magnetizations versus time and the corresponding
phase portrait.

The effects of applied frequencies are exhibited
by fixing the extrapolation length, A=a, and
thickness, L, =1.6%1.0° . The chosen three different
frequencies, i.e. £25 Hertz, 50 Hertz ,and 10 Hertz in
the numerical simulations show that as the frequency
increases, the bifurcations of the periods in A, and
M , are decreased. This means the chaotic responses
is weaker as the frequency increases. In other
words, in order to see the same amounts of period
bifurcations as the frequency increases, the amplitude
of the applied field has to increase as well. For 27

component, the analysis shows that the size of the
hysteresis curve depends on frequencies of'the applied
field, as the frequency increases, the hysteresis curve
become narrower.

In order to see the effects of thicknesses of the
film, the extrapolation length and frequency are fixed
at L =a and f=25 Hertz, and five different thicknesses
of the film are chosen, i.e. L, to L, in the numerical
simulations. The range of B, for the occurrence of
chaotic responses and hysteresis effects decreases
as the thickness increases. For films with negative
extrapolation length, i.e. A =-a, the conclusion is
the same.

From the numerical simulations, we managed to
conclude that with the presence of low frequencies
and low amplitudes of applied fields, which can be
generated easily in research laboratory, can excite
various nonlinear responses in the ferromagnetic
films, e.g. multiple-folded of input frequencies
or period bifurcations, chaotic dynamics of the
magnetizations, and hysteresis effects, which are
strongly dependent on initial conditions. Besides
these, the surface parameters and thicknesses of
the filim also show distinctive effects in the chaotic
responses of a ferromagnetic film. We conclude that
the Landau phenomenological model and classical
approaches, iLe. Landau free epergy expansions,
calculus of variations, and LL torque equation of
motion, can exhibit the rich intrinsic nonlinear and
chaotic phenomena in the ferromagnetic system.
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ABSTRACT The stem bark of Artocarpus kemando furnished 24-methylenecycloartenyl acetate (fatty
acyl ester) (1) together with cycloartobiloxanthone (2). Compound 1 was obtained for the first time from this
species. The structures of both compounds were determined using NMR and M3 analysis. A cytotoxic study
showed that the crude extract of the stem bark of Arfocarpus kemando was significantly active against the
HL-60 (Human promyelocytic leukemia celly and IRM-32 (Human neuroblastoma cell) cell lines. This is the

first report on the cytotoxic activity of Arfocarpus kemando.

Keywords

INTRODUCTION

The genus Arfocarpus from the Moraceae family
which consists of approximately 50 species is widely
distributed in the tropical and subtropical regions,
including Indonesia [, 2].

Various triterpenes have been previously reported
from the genus Artocarpus [3]. A majority of the
phenolic compounds from this species are primarily
flavonoids, apart from the stilbenoids and 2-
arylbenzofuran [4]. Flavonoids from this plant and
other species of Artocarpus have been shown to
exhibit anti-inflammatory [5], antioxidative [6],
antiplatelet aggregation [7], 5c-reductase activities
[8], inhibition of cathepsin K [9], and cyctotoxicity
[10]. These activities are mainly contributed by the
phenolic constituents from the plant.

The wood is locally used as light-weight hard-
wood, especially for household utensils and the fruits
are edible. This paper reports the isolation and the
identification of 24-methylenecycloartenyl acetate
(1) and cycloartobiloxanthone (2) from the stem
bark of Artocarpus kemando as well as the cytotoxic
activities of the extracts.

Artocapus kemando — triterpenoid — xanthone — cytotoxic

MATERIALS AND METHODS

General

Melting points were determined on a melting point
apparatus and are uncorrected. IR spectra were
recorded in KBr pellet on a Perkin-Elmer FT-IR
Spectrum BX spectrophotometer. Mass spectral
measurement was obtained on a Shimadzu GCMS-
QP5050A spectrometer. 'H and *C NMR spectra were
recorded in CDCI, using TMS as internal standard on
a JOEL JNM-LA 400 spectrometer at 400 and 100
MHz, respectively. VL.C was carried out using Merck
Kieselgel 60 PF,,, (containing gypsum), gravity liquid
chromatography with Merck Kieselgel 60 Mesh 230-
400 (40-63 microns), and TLC analysis on precoated
Si-gel plates (Merck Kieselgel 60 F__,, 0.25 mm).
Plant material

Samples of the stem bark of A. kemando were collected
in May 2007, from Sri Aman, Sarawak, Malaysia.

Extraction and isolation
The milled, air-dried stem bark (4.7 kg) was extracted
exhaustively with n-hexane and then with ethanol.




and Viperidae) and two species of turtles from two
families (Trionychidae and Bataguridae).

All except two species were hand caught. The
exceptions were the Waler monitor lizard Faranus
salvatorand the Reticulated python Python reticulatis
which were sighted. All these reptilian species are
common in forested areas throughout the peninsula
[10-13].

Mammals

A total of 74 mammal species was identified
(Appendix 2). These comprised of 41 non-volant
mammals from 17 families, and 33 volant mammals
from & families. Of these 15 species were sighted, 3
species were based on tracks and vocalization, and
two species were shot by the resident Orang Asli.

Non-volant mammals

The 41 non-volant mammals comprised of
flying lemur, insectivores, tree-shrews, primates,
rodents small carnivores and hoofed mammals
(Appendix 2). All the species identified are of
commen occurrence in forest areas throughout the
mainland [2, 14, 15]. However, the presence of
some interesting mammals such as the Moonrat,
three species of flying squirrels, the small carnivores
(Malay weasel, Linsang and Flat-headed cat)
suggests that the forests still provide sustainable food
resources and habitat niches for the survival of these
less common animals despite the deteriorating
conditions, particularty that of BFR.

The total absence of the four species of
cercopithecid monkeys (Long-tailed and Pig-
tailed macaques and the Dusky and banded Leaf
monkeys) in BFR was due to disturbance factor
(blasting and drilling) as these monkeys are normally
associated and commonly seen in highly disturbed
environments, such as degenerated secondary forest
type [16]. Hunting, using shot guns for animals, like
mouse-deer and other animals by the Orang Asli and
also by orchard owners for pest animals was another
factor for larger mammals moving out to the adjacent
SLFR where there were less deleterious activities.
This is evidenced by the lower number of non-volant
mantmals trapped and sighted at BFR compared to
SLFR.

During the period of study, large mammals, such
as the tiger, panther, deer, etc. were not detected apart
from the primates, in both the forest areas. It is very

probable that most of these large mammals had moved
uphill into the SLFR on the Ulu Langat side.

Volant mammals

The 33 chiropteran species from both the forest areas
comprised & species of fruit bats and 25 species of
insectivorous bats (from eight families). All the bat
species examined are commonly found in forest
areas [3, 17, 18]. According to the orchard farmers
there, three species of fruit bats were serious pests of
orchards during flowering and fruiting seasons. Many
of these species were captured and sold to gourmet
restaurants.

Birds

A total of 135 species of birds was identified
{Appendix 3). Of these 121 species were recorded
in SLFR compared to 72 in BFR. The lower species
number in the BFR was probably related to the
high intensity of disturbances from preliminary
construction activities during the survey periods. Of
the 135 species, 126 were resident species, 4 migrants
and 5 both residents and augmented by migrants.
The survey recorded only four birds of prey. This
may partly be attributed to the very wet and gloomy
weather during the survey. Five hornbill species were
recorded mainly from the forested hill slopes of SLFR
with at least one group of hornbill in the area due to
the fruiting season. During our stay, two Rhinoceros
hornbills were shot by an Orang Asli.

Among the 135 recorded species, two are “Not
Protected” (Appendix 3: Nos. 78, 135), seven are
‘Protected’ (Appendix 3: Nosl, 40, 50-52, 79, 81)
with the rest of the 126 species classified as “Totally
Protected’ under the Protection of Wildlife Act
1972 (Act 76), 1994, Twenty five of the species in
the BFR and SLFR are globally classified as being
of international conservation concern (Appendix 3:
LR (nc¢)). This represents 17.0% of the birds listed
for Malaysia in Birdlife International’s 2001°s Red
Data Book on the “Threatened Birds of Asia”
where 147 species (including birds from Sabah and
Sarawak) are given that category. However, in the
Malaysian context, all these 25 species are quite
commoen and widely distributed throughout the
country, including several conservation areas such
as Taman Negara, Krau Wildlife Reserve, Endau
Rompin National Park and Danum Valley.
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The n-hexane and ethanol extracts, on removal of
solvent under reduced pressure, gave light brown
residues, weighing 23 g and 50 g, respectively. The
ethanol extract of 4. kemando was chromatographed
on a silica gel vacuum column chromatography using
a stepwise gradient system (hexane/CHCL,, CHCL/
EtOAc, EtOAc/Me, 0 and MeOH) to give 20 fractions.
Fractions 4-6 which appeared as a yellow sticky
solid were combined. It was boiled with methanol
and cooled. This afforded 24-methylenecycloartenyl
acetate (50 mg) (1) after repeated washing with
methanol.Recrystallization from methanol resulted
in a white solid. Combination and purification
of fractions 13-16 by column chromatography
(Si0,; n-hexane/ CHCL,, CHCL/ Me,O and Me,O
gradient) gave subfractions § and 10 which showed
promising spots on the TLC plate. Elution with
CHCI, and CHCl,/ Me,O (19 : ) on both fractions
afforded cycloartobiloxanthone (2). The structures of
compounds 1 and 2 were elucidated using IR, NMR
and MS data,

Cell cultures

Two human cancer cell lines were used. They were
HL-60 and the IRM-32 cell lines. The HL-60 cell line
was obtained from National Cancer Institute (NCI),
USA and IRM-32 was provided by Health Science
Research Resources Bank, fapan. Cells were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM)
with 5% fetal bovine serum (FBS), 100 IU/mL
penicillin and 100 g/mL streptomycin by using 25
cm* flask in a 37 °C incubator with 5 % CO..

Cytotoxicity assay

The exponential growing HL-60 and IRM-32 cells
were obtained by plating each weil with 100 uL of
stock culture (1 x 10° cells/mL) in 96-well microliter
plate and incubated at 37°C for 24 hours. The stock
solution was prepared at a concentration of 10 mg/
mL by dissolving 10 mg of sample (compound) in
10 mL of dimethylsulfoxide (DMSO). Serial dilution
of the stock solution in the growth medium provided
seven sample solutions at concentrations of 2.3, 5.0,
7.5, 10.0, 20.0, 30.0 and 40.0 pg/mL. The growth
medium was removed from the wells, washed well
and the treated with 100 pL of varying concentration
of sample solution. Controls contained only untreated
cell population in 100 pL of growth medium.

MTT assay

HL-60 and IRM-32 cells growing exponentially
in 96-well micro plate were treated with a range of
concentrations (2.5-40.0 pg/mL) of each sample for
3 days. Each concentration of sample was performed
in triplicate and the culture plate was incubated for
3 days at 37 °C, 5 % CO, and 90 % humidity. After
treatment, 10 pL of the MTT labeling reagent (0.5
mg/mL) was added to each well. The plate was
then incubated further for 4 hours at 37 °C with 5 %
CO,. After that, 100 pL of the solubilized solution
was added to each well and the plate was allowed
to stand overnight in the incubator at 37 °C with
5% CO,. Absorbance was measured using ELISA
spectrophotometer (EL_ 800) at wavelength 550 nm.
The percentage of MTT reduction was calculated by
comparing the absorbance of treated cells to that of
untreated control cells.

24-methylenecycloartenyl acetate (1): white solid;
mp 116-119°C (Lit. 114-117 °C) [11]; IR (KB v
cm™:2942 (OH), 1734 (C=0 group of an ester), 1456
(C=C), 1374, 1248, 1094 (C-0); EIMS m/z: 483
[M]7, 422, 408, 175, 125, 109, 95, 81, 69; '"H NMR
(400 MHz, CDCL,): 6 4.57 (1H, m, H-3), 0.97 (1H,
s, H-18), 0.34 (1H, d, /= 3.7, H-19a), 0.58 (1H, d, J=
3.7, H-19b), 0.90 (1H, d, J= 4.6, H-21), 1.04 (1H, d,
J= 1.8, H-26), 1.03 (1H, d, J= 2.8, H-27)}, 0.90 (1H,
d, J= 4.6, H-28), 0.85 (1H, d, /= 4.6, H-29), 0.85
(1H, s, H-30), 4.66, 4.71 (2H, s, H-31) and *C NMR
(100 MHz, CDCI,): §31.57 (C-1), 25.78 (C-2), 80.63
(C-3), 39.41 (C-4), 47.12 (C-5), 20.90 (C-6), 28.12
(C-7), 47.80 (C-8), 20.90 (C-9), 25.92 (C-10), 26.46
(C-11), 35.50 (C-12), 45.25 (C-13), 48.77 (C-14),
32.82 (C-15), 26.77 (C-16), 52.21 (C-17), 17.95 (C-
18}, 29.75 (C-19), 36.10 (C-20), 18.28 (C-21), 34.95
(C-22), 31.29 (C-23), 156.83 (C-24), 33.76 (C-25),
21.85 (C-26), 21.98 (C-27), 19.27 (C-28), 15.12 (C-
29), 25.39 (C-30), 105.92 (C-317), 21.31 (CH_-CO),
170.95 (CH,-CQ).

Cycloartobilexanthone (2): dark yellow solid; mp
271-273 °C (Lit. 270 °C ) [12]; IR (KBr} v__cm™
3434 (brs), 2976, 1650, 1476, 1358, 1272; EIMS m/z
(rel. int.): 434 [M]*, 421, 419, 391, 377, 361, 347,
332,293,203,189,177, 152, 135, 105,91, 77, 69, 54.
"H NMR and *C NMR data (Table 1).




Table 1. '"H NMR and *C NMR data for 2 (400 and 100 MHz, acetone-d,)

No. H(®H) BC(8) HMBC correlations

2 - 161.4 -

3 - 112.7

4 - 181.4 -

4a - 105.3 -

5 - 162.6 -

6 6.11 (1H, s) 99.9 C.5,C-7,C-8,C-4a

7 - 159.5 -

8 - 101.8 -

Ba - 152.0 -

9 6.90 EIH, d, /= 10.0 Hz} 1159 C-7,C-8a, C-11

%(IJ 5.65(1H,d,/=10.0 Hz %77.9 C-8, C-11

12 1.43 (GH, s 284 C-10, C-11, C-13

13 1.43 3H 5 282 C-10, C-11,C-12

14 2.34 (1H,, 1,/=15.6 Hz) 203 C-2,C-3,(C-4,C-15, C-2’
3.19 (1H,, dd, J= 15.6, 7.3 Hz) 207 C-2,C-3, C-15,C-16

%g 3.40(1H, dd, /=15.6, 7.3 Hz) gg% C-14, C-16,C-17,C-13, C-2’

17 1.31 (3H, s 228 C-15, C-16, C-13

18 1.63 (3H, s 28.2 C-15,C-16, C-17

I’ - 104.9 -

2’ - 133.7 -

3’ - 137.9 -

4’ - 146.9 -

5: 6.39(1H, s) %(5)?2 C-1’,C-3, C-4, C-6°

1-OH  13.36 (1-OH, s) o -

OH o]
Compound 2

RESULTS AND DISCUSSION

Compound 1 was obtained from the ethanol extract
as a white solid with mp 116-119 °C (Lit. 114-117°C)
[11]. The compound showed signals corresponding to
a cyclopropane ring, characteristic of a cycloartane

skeleton in the NMR spectrum. It gave a molecular
mass of 482 which corresponded to the molecular
formula C,,H,,0,.

The "C NMR assignment of 1 was made by
performing HMQC and DEPT NMR experiments and
by comparison with the corresponding data of 1 from
Euphorbia broteri[11]. The C NMR spectrum also
showed a total of 33 resonances, comprising eight
methyls, twelve methylenes, six methines and seven
quatermary carbon atoms which are in agreement with
the molecular formula.

Based on literature search, this is the first isolation
of 24-methylenecycloartenyl acetate (1) from this
Artocarpus species. This compound was further
confirmed by comparison of spectroscopic data with
Hiterature values [11].

Compound 2 was purified as a least polar yellow
pigment with R, value 0.39 in CHClL,/ Me, O (4 : 1),
mp 271-273 °C (Lit. 270°C) [12]. Mass spectrometry
revealed a [M]* at m/z 434 and analysed for the
molecular formula C,.H,,0.. The IR spectrum showed
hydroxyl and xanthone carbonyl absorptions at 3434
and 1650 cm’', respectively.

The '"H NMR spectrum of 2 exhibited a low field
singlet signal for a chelated hydroxyl group at & 13.36
(1-OH). The superimposed singlet at & 1.43 (6H, s)
indicated two chromene methyl groups, together with
two doublet signals at 8 6.90 (1H, d, / = 10.0 Hz)
and & 5.65 (1H, d, J = 10.0 Hz), each due to olefinic
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protons indicating the presence of a 2,2-dimethyl
chromene, Other than that, the two singlet signals
at & 6.11 and 8 6.39 are assigned to H-6 and H-5,
respectively. Furthermore, the upfield singlet signals
at 81.31 (3H, s, H-17) and & 1.63 (3H, s, H-18) were
respectively attributed to two tetrahydrofuran methyl
groups.

The PC NMR spectrum showed one signal of
a conjugated carbonyl group at &181.4, signals of
twelve substituted aromatic carbons at 8 161.4 (C-
2), § 112.7 (C-3), & 105.3 (C-4a), & 162.6 (C-5), &
159.5 (C-7), 5 101.8 (C-8), & 152.0 (C-8a), & 104.9
(C-17),8133.7 (C-2°), 8 137.9 (C-37), 8 146.9 (C-4"),
and 6 151.5 (C-6") which were assigned accordingly
based on information from the HMQC experiment.
Meanwhile, two signals at 8 99.9 and 8 105.3 were
assigned to two protonated aromatic carbons which
are C-6 and C-5" respectively.

The DEPT spectrum showed the presence of 25
carbons which consisted of four methyl carbons,
one methylene carbon, four methine carbon and 16
quartenary carbons. The signal for the carbonyl group
at 6 181.4 was assigned to C-4.

In the HMBC spectrum, the singlet at 8 6.11 gave
cross peaks with four carbon signals at § 105.3, &
162.6, & 159.5 and & 101.8, which further confirmed
the assignment of & 6.11 to H-6. Besides that, the
location of the two tetrahydrofuran methyl groups (17-
CH, and 18-CH,) were further ¢lucidated by the long-
range 3J correlations between & 1.63 (methyl proton
at H-18) with 6 47.5 {C-15) and & 93.7 (C-16) and
& 22.8 (C-17) via 2J and %J correlations respectively.
The presence of the pyrano ring attached to C-7 and
C-8 was deduced from the long-range connectivity
between the doublet at & 6.90 (H-9) and 6 78.7 via a
3J correlation and between 8 5.65 (H-10) and 8 101.8

Table 2. Cytotoxic activities of ethanol,
acetone and methanol extract against HEL-60
and IMR-32 cell lines.

IC,, Value (lgml)

Compounds HL-60 IMR-32
Ethanol extract 315 12.0
Acetone extract 15.0 13.0
Methanol extract 17.5 N/A

N/A= Not active

also via a “J correlation in the HMBC spectrum.
Hence, the signals at 8 78.7 and 8 101.8 were assigned
to C-11 and C-8 respectively and & 5.65 and & 6.90
to H-10 and H-9 respectively. This assignment was
further confirmed by the coupling between & 6.90 and
8 5.65 in the 'H-'H COSY experiment. Compound
2 was therefore assigned cycloartobilixanthone
(2). The spectral data are summarized in Table 1.

Cytotoxic activities towards the HL-60 and IMR-
32 cell lines were conducted. All the crude extracts
indicated cytotoxicity towards both cell lines. The
acetone extract gave LC, | values of 15.0 pg/mL and
13.0 pg/mL towards the HL-60 and IMR-32 cell lines
respectively. The ethanol extract on the other hand
gave a much lower LC_ value of 12.0 ug/mL towards
the IMR-32 cell line. However, the methanol extract
showed a slightly higher LC, value of 17.5 pg/mL
towards the HL-60 cell line. The cytotoxic results of
the crude extracts are summarized in Table 2.
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Abstract  This review mainly focuses on the free radical research carried out in the formative years of the
Chemistry Department of the University of Malaya. It was during the period of 1950s that the important class of
radical reactions was becoming to be understood as a “new organic chemistry”. Rather than being the “black
sheep” of reactions, radical behaviour and reactive characteristics became better understood and conirollable.
The chemistry of free radicals has now provided important information to many industrial processes (notably
in the manufacture of polymers, chemicals and synthetic drugs), ways to combat undesirable and ravaging
effects (e.g. chlorine, CFC and lipid oxidation) and further promotes further development for biology and
medicine {nitric oxide, some antibiotics and natural antioxidants). Details on radical and singlet/triplet carbene
chemistry are given, including peroxide decomposition, singlet/triplet carbenes, metal-carbenes (carbenoids),
radical cyclisations, P450 oxidation of aromatic hydrocarbon carcinogens, chain-breaking antioxidants such

as tocotrienols, and radical mechanisms in controversially unexplained reactions.

Keywords
antioxidants — tocotrienols — radical mechanisms

INTRODUCTION

This review is based on the lecture delivered at the
Symposium of Science, Oct 25" 2008, Kuala Lumpur,
in honour of Rayson L. Huang on his 88" birthday.
The chemistry of free radicals had been the focus
of many researchers at the University of Malaya
Chemistry Department for a substantial period of
time since the establishment of the department in
Kuala Lumpur, culminating in the publishing of the
book “Chemistry of Free Radicals™ [1]. Originally
published by Edward Amold, translated copies in
Chinese were later found to be in wide circulation
in mainland China,

In the early 1950s, a free radical was just perceived
as a chemical curiosity with an unpaired electron and
attendant high reactivity. In many ways the radical
species was viewed as atotally different reactive entity
at that time compared to the better understood ions in
ionic reactions of organic chemistry and thus provided
for a “new organic chemistry” or a second class of
organic reactions. Being relatively neutral and can be
highly reactive, the radical species is responsible for
starting off uncontrolled chain reactions, sometimes
leading to unexpected explosions. In a way they can

radicals — carbenes ~ nitric oxide — aromatic hydrocarbon carcinogenesis — cyclisations —

be the “black sheep” of organic reactions responsible
for many unnecessary laboratory accidents.

Free radical reactions are now considered as
a dominant class of chemical reactions and the
free radical is now established as a species with an
unpaired electron, usually reactive and able to give
rise to characteristic radical-type reactions. Radicals
are thus associated fo transient and reactive species
with the tendency to coupte up (bond) or dimerise
with other radicals to provide stable electron-paired
products. As a general rule compounds, chemicals
and living matter remain stable under terrestrial
conditions when all the electrons in the molecules
are paired. However, there are some exceptional
radicals (e.g. natural NO, oxygen and some specially
designed radicals) which can be relatively stable
for various structural, steric or electronic reasons.
With an unpaired electron, a radical has a spin
phenomenon associated with it; hence radicals
can be detected by electron paramagnetic (or spin)
resonance spectroscopy. The stable oxygen molecule
is a diradical (two unpaired electrons) and the two
electrons in parallel spins give rise to a triplet species
(Fig. 1).

Over the years many applications from controlled
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reactive oxygen-centred radicals  nitric oxide

Figure 1. Representation of radical species.

radical reactions have benefited mankind with
useful polymer materials, fine chemicals, synthetic
pharmaceuticals, etc. The understanding of the
chemistry of radicals has also opened up new avenues
at the interface of biochemistry and medicine, e.g.
biochemical pathways involving radicals, redox
biochemistry and use of anfioxidants. The small
molecule NQ is a natural free radical and has made
profound impacts in biochemistry and medicine (R.F.
Furchgott, L.J. Ignarro and F. Murad, 1998 Nobel
laureates). Once an elusive “endothelium relaxing
factor or EDRF”, nitric oxide has been the natural
signalling molecule for the relaxation of blood vessels,
the agent from nitro-drugs for angina relief and the
agent to be inhibited enzymatically from degradation
in designed recreation drugs for males.

Radicals and radical reactions are now recognized
to be widespread. For the environment, important
contributions have been made in the recognition that
chlorofluorohydrocarbons (CFCs) which are useful
chemicals and refrigerants but because of their high
stability, can unfortunately become environmental
hazards due to their resistance to environmental
degradation. Chlorine radical chain reactions can
result in the stratosphere with initiation by ultraviolet
radiation (Fig. 2). The demonstration by Paul Crutzen
{shared the Nobei Prize with F. Sherwood Rowland
and Mario Molina) that such reactions can deplete the
earth’s protective ozone layer has led to the ban on
some chlorofluorocarbon compounds.

hv
CI-CF,Cl1

-~  Cl* + *CFCl

Cl* + 05 - 0" + 0,

200" —= Cl-0-0-Cl = 2C1" + O

Net 20; — 30,}

Figure 2. Ozone destruction by chlorine radicals.

Peroxides
Peroxo-compounds were later established to be
unstable compounds with weak O-O bonds which
break homolytically to give highly reactive oxygen-
centred radicals on thermal and photochemical
decomposition. Uncontrolled induced decomposition
of peroxides formed from autoxidation of common
solvents such as diethyl ether has been the cause
of many laboratory accidents while in oils and fats
autoxidation has been the major cause of rancidity. A
schematic of autoxidation may be exemplified as for
oils and fats as shown in Figure. 3. After initiation of
radical formation, e.g. the homolysis or cleavage of
peroxide bonds by thermolysis or radiation, reactive
oxygen-centred radicals are generated which start
chain reactions by hydrogen abstraction to form new
radicals which with air or oxygen lead to hydroperoxy
radicals, and to continue further with chain reactions.
The problem of radical chain reactions is that once
they start they consume a large number of molecules
and chain-breaking antioxidants are needed to put an
end to such runaway reactions. Also, the products of
autoxidation are normally peroxo- or hydroperoxy-
compounds which are susceptible to cause further
radical cleavages and hence the need to avoid
autoxidation of useful materials as early as possible
(Fig. 3). Antioxidants are thus important to break or
terminate the proliferating radical chain reactions.
Peroxo-compounds range from being very
explosive to completely stable chemicals. Simple
alkyl and alkanoyl peroxides are explosive but di-
tert-butyl and benzoyl peroxides, being hindered
and stabilized respectively, can be homolytically
decomposed controliably and used as radical
initiators in the laboratory. Peroxodiphosphate salts
are thermally stable and only hydrolyse by acid
catalysis, i.e. ionically, and not homolytically to the
peroxymonophosphate [2]. Subsequent pH-dependent
decomposition of the peroxymonophosphate is

R-0—0-R —= R-0°+"0-R
R-0°+ —CH,~CH=CH- —~ —CH-CH=CH- + ROH

—CH-CH=CH- + 0 — TR CHECH
- - 2 0-0-
—CH-CH=CH- _, _. Peroxides +
0-0- Hydroperoxides

Figure 3. Autoxidation.
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Figure 4. Peroxo-compounds,
of di-#-butyl peroxide.

induced decomposition

bimolecular by a pericyclic reaction (a third class of
chemical reactions) to lead to hydrogen peroxide.
Di-tert-butyl peroxide is a special case of peroxide
with bulky #butyl groups which prevent induced
decomposition that occurs in many peroxides. The
compound becomes useful for photo-induced or
thermal (>110 °C) generation of f-butoxy radicals.
Only under special conditions (e.g. with a small
o-hydroxyl-radical) can a measurable induced
decomposition of the peroxide occur with an observed
kinetic deuterium isotope effect (Fig. 4) [3, 4].

CLASSIFICATION OF REACTION TYPES

Organic chemistry was previously perceived as
providing an endless proliferation of reactions
which can arise from cations, anions, radicals, cyclic
electronic arrays and various catalyses. By late 1960s,
mainly through the efforts of R.B. Woodward (Nobel
laureate, 1965), all reactions can be classified as falling
into three categories: ionic, radical and pericyclic
(involving electron rearrangements) reactions. The
hydrolysis of peroxophosphates by water molecules
alluded to above is ionic while the simplest ionic
reaction could be by SN, bond heterolysis of trityl
chloride, e.g. Ph,C-Cl — Ph,C* + CI, to give a
triphenylmethy] carbocation. Specific examples of
radical chemistry have been adequately exemplified
above from bond homolysis of peroxides and their
subsequent reactions. Pericylic reactions depend on

e
Hrop= U

A

Z2-glestron cyclic array Intermediates

transition state / \ \
B R TR e A VIRV

non-stereospecific

Figure 5. Singlet and triplet carbene additions.

the rearrangement of a cyclic array of electrons and
can be exemplified by a singlet carbene reaction with
an olefin,

Carbenes

Carbenes are very reactive species, once referred to as
the most reactive species known in organic chemistry,
and they can exist in as a singlet (paired electrons)
or a triplet (two electrons unpaired, diradical-like)
state. The photolysis of aryldiazomethanes provided
arylcarbenes which can be trapped by olefins fo
cyclopropanes. The singlet carbene added to olefins
stereospecifically in a concerted transition state in this
class of pericylic reactions. The triplet can be viewed
as a diradical with electrons possessing parallel spins
and in the reaction with olefins proceeds through
intermediate diradical species. With definite lifetimes,
bond rotation in these intermediates and further ring
closure provided non-stereospecific cyclopropane
products (Fig. 5) [5-7]. As characteristic of reactive
diradicals other allylic H-abstraction products were
also provided from this reaction,

Cyclopropane formation is usually characteristic
of carbene and carbenoid intermediates. Under certain
conditions, however, ionic types of reactions can also
provide cyclopropane products albeit with tell-tale
signs of other ionic products. The example of the
decomposition of diazo-compounds by acid catalysis
as well as in many other undefined but possibly due
to the presence of acidic catalysts, can be exemplified
by phenyldiazomethane with trifluoroacetic acid in
the presence of olefins. Isotopic labelling and partial
D-scrambling supported the ionic mechanism of
reaction (Fig. 6) [8, 9].

In general, the diversity of chemical reactions
can broadly be shown to fall into the three classes
of reaction types: ionic, radical or pericyclic. While
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radical teaction mechanisms became established
in the late 1950s, the “no-mechanism” pericyclic
reactions were only explained more than a decade
later and were much dependent on the recognition of
orbital symmetry in the reorganisation of electrons
in a cyclic array typically found in rearrangement
reactions.

Metal-carbene complexes

Whereas singlet and triplet carbenes are among the
most reactive intermediates of organic chemistry, they
can be tamed in the form of metal complexes where
many applications have emerged. Early forays into
the detection of metal-carbene complexes were on
intermediates of lithium and zinc. Indeed carbenoids
such as these were formed as intermediates from
various precursors and could be trapped as familiar
cyclopropane products among others [10-12].

Earlier work by R. Noyori (2001 Nobel
laureate) achieved some degree of asymmetric
cyclopropanation with metal-carbene complexes
with chiral ligands but his later work using chiral
phosphorus ligands managed to achieve high degrees
of asymmetric hydrogenations. Since the first
demonstration of relatively stable metal-carbene
complexes, significant advances in metal-carbene
catalytic chemistry have resulted in the recognition
of the works of Y. Chauvin, R.R. Schrock and R.H.
Grubbs (1995 Nobel laureates). Indeed, apart from
metal-complexing, N-stabilized heterocyclic carbenes
have been made as stable crystalline compounds and
popularised since 1991 [13].

RADICAL CYCLISATIONS

Cyclisation reactions can result from the three main
classes of reactions but it has been in the realm of
radical chemistry that formation of 5-membered rings
has been commonly found whereas 6-membered rings

are more characteristic of cationic reactions. Radical
cyclisations to create 5-membered rings were later
much employed in synthetic chemistry.

One of the more curious examples of an
undetermined mechanism was the dehalogenation
of aryl halides with lithium aluminium hydride. The
hydride is better known to function ionically as a
nucleophilic hydride in most reactions yet in the case
of o-allyloxypheny! halides reductions they occur to
provide typically a 5-membered ring product. To study
if' the mechanism involved hydride displacement,
carbanion or free aryl radical several experiments
were carried out. Initial experiments showed that
experimental conditions were poorly reproducible
which could be indicative of (but not necessarily)
a radical reaction but may have been dependent
ont initiators, in this case from environmental or
unnoticed impurities. Reproducible reductions
were only found by using photo-initiation of butyl
peroxide to provide #-butoxy radicals as initiators.
Indeed the bromide and iodide compounds could be
smoothly converted to 5-membered ring compounds
as expected from the generation of an initial aryl
radical cyclisation mechanism (Fig. 7).

Once the radical nature of the lithium aluminium
hydride reaction had been resolved, it had been
possible to design experiments to directly observe
the radical intermediate by electron paramagnetic
resonance spectroscopy. As expected at liquid nitrogen
temperatures, the photo-initiated reactions produced
a S-membered ring cyclised intermediate radical
(>CH-CH,) with simple doublet of triplet hyperfine
structure. The precursor aryl radical presumably
cyclised rapidly and 5-membered radical cyclisations
are noted to be among the fastest “clocks” at ~10" sec,

X LiAlH,
—————————
£ Bu()); hv
X = ha ogen
-AlH3 A
AlH,

5 -

Figure 7. Hydride dehalogenations of aryl halides.




exceeded only by the cyclopropane radical cyclisation
“clock” at ~107 sec.

Radical induced dehalogenations of aryl halides,
including fluorides, can be achieved by the
methodology found. The intermediate aluminium-
centred radical must have a high affinity towards
halides. Of lesser efficiency some boron hydrides
could also effect similar dehalogenations [14-16].

Anumber of natural products contain S-membered
rings which may or may not be the result of radical
cyclisations. Prostaglandin derivatives and their
intermediates are probably the best examples of
natural products from radical precursors. There are
many complex natural products with S-membered
rings which perhaps could benefit from synthetic
radical methodology; in fact in some cases radical-
cyclisations had to be gainfully employed. Several
advantages of synthetic radical methodology may be
cited: 5-member rings can present a great difficulty
using ionic reagents, the radical cyclisation reaction is
highiy specific, polar functionalities remain untouched
by radicals, and useful radical initiators are now
available.

RADICALS IN BIOLOGY

Radicals play a major role in reactions of organic
chemistry and they are likewise important in almost all
biological systems. Redox systems can involve one-
electronprocesseswhichareessentiallyradicalinnature.
The cytochrome P450 oxygenase enzyme contains
metallo-iron and the chrome pigment absorbing at
450 nm is capable of oxidising various substrates
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Figure 8. Cytochrome P450 oxidation of aromatic
hydrocarbons in cancer induction.

including activation of C-H bonds and epoxidation
of aromatics. One important function of the enzymes
is the detoxification of undesirable chemicals. The
epoxidation of aromatic hydrocarbons is one
such reaction but could cause their activation
to carcinogens. Interestingly, the epoxidation of
the powerful polycyclic aromatic hydrocarbon
carcinogen, benzopyrene, led to an ultimate
carcinogen diol epoxide. It has now been established
over the years that aromatic hydrocarbons are
activated by epoxidation to the ultimate carcinogenic
intermediates which presumably can subsequently
react with nucleophilic centres of DNA in the
carcinogenic process. The oxidation of benzopyrene
to the diol-epoxide is illustrated (Fig. 8); the large
protein fragment is omitted in cytochrome P450 as
the biochemical reagent essentially is a radical at the
active site [17, 18].

Radicals have played important roles in biology
and medicine in controlled biochemical pathways.
Nitric oxide, described earlier as an important
molecule for blood vessel relaxation, play other
roles, e.g. as cytotoxic agent against foreign
bodies. Quinone-semiquinone pairs are involved
in redox pathways. Many natural products are also
involved in the multitude of biochemical reactions.
Dihydroxyindole and gambirine alkaloids are readily
oxidizable compounds with cytotoxic and bioactive
activities. Notably are the numbers of antioxidant
natural compounds which have vital roles to play as
vitamins, antioxidants or other functions [19].

ANTIOXIDANTS

Among the plethora of natural products that have
generated considerable interest are the antioxidants
which originate naturally from fruits, vegetables
and herbal plants. These compounds encompass
many classes of phenolic compounds (polyphenols,
flavonoids, xanthonoids, curcamineids, and vitamin
E analogues) and also other minor classes such
as carotenoids, ascorbic acid and some sulphur
compounds [19]. Compounds which can act as radical
sinks or as radical chain breakers can function as
antioxidants. The phenolic compounds are effective
antioxidants, capable of terminating radical chain
reactions and common ones are used as vitamins and
antioxidant supplements. Tocopherol and tocotrienol
analogues {e.g. from palm oil and natural rubber) and
other examples of common phenolic antioxidants
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CONCLUSION

BFR was relatively less habitable than the adjacent
SLFR during the periods of study. This was primarily
due to BFR being partially cultivated with orchard
plantations and prevailing construction work, during
which the habitat was constantly subjected to flow
of human and machinery. BFR recorded a total of
160 species (or 60.6%) out of all the species found
in the survey while SLFR recorded 224 species
{or 84.8%). All the species identified are common
and are widely distributed throughout Peninsular
Malaysia. None of the species identified is threatened
or endangered though a small number are classified
as ‘Protected’ or ‘Totally Protected’ under the
Protection of Wildlife Act 1972 (Act 76) 1994,

The fact that 60.6% of 264 vertebrate species
was still recorded in the BFR during a period of
intense disturbance indicates that the various habitat
types (riparian, mixed scrub, regenerated forest, crystal
clear riverine system) could still sustain the survival
of small vertebrates. With the forest now preserved
as a catchment area, it is possible that the forest with
time could regenerate into a good secondary forest.
We propose some recommendations below,

Forest reclamation

The extension of the orchard plantations should be
discouraged. This is to enable the fringe habitat to
regenerate faster. Tapping of the forest stream and
river water for agriculture and orchard plantations
should also be discouraged, so that forest aquatic and
semi-aquatic vertebrates could be sustained.

Wildlife law enforcement

Apart from hunting of animals in the BFR and SLFR
by Orang Asli for food, hunting by outsiders and
orchard farmers for wild pigs and other medium
sized animals, like mouse deer, porcupines, civet
cats was quite comumon as ¢videnced by the empty
cartridges found in the BFR. During our visits there,
we observed shot specimens of two species of mouse-
deer (Tragulus napu, T, javanicus) and the Rhinoceros
hombill (Buceros rhinoceros). To maintain the
vertebrate species diversity in the two forest areas,
strict law enforcement and monitoring is needed.
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(e.g. curcumin from turmeric and EGCG from tea)
are given in Figure 9.

Tocotrienols

Tocotrienols have generated exceptional interest
because of three reasons: they are actually produced
in enormous quantities in natural rubber latex and
palm oil, especially in the S. E. Asian region. They
are important lipid soluble antioxidants and apart
from Vitamin E activity they also possess several
other useful medicinal properties including neuro-
protection.

As antioxidants, tocotriencls are betier
antioxidants than the more common saturated
analogues (c-tocopherol from synthetic sources
and soybean oil distillate). The radical derived ffom
its oxidation can be readily observed by electron
paramagnetic resonance (Fig. 10) [20]. The stability
and inactivity of the radical form the basis of the
chain-breaking antioxidant action for oils and fats and
natural latex/rubber and thus prevent the ravages of
oxidative degradation. Within the human lipid system,
the smaller tocotrienol molecules (when folded) are
more mobile than the tocopherols and accounts in part
to their better potency. However, tocotrienols suffer
from faster loss by metabolism whereas o-tocopherol
has the selective tendency to be accumulated in the
liver. a-Tocopherol radicals can also be reductively
recycled by vitamin C in the human system.

It is increasingly clear from research findings that
tocotrienols can act more than just good antioxidants
as more useful bioactivities have now been discovered.
In preventive medicine antioxidants have been

Tacotrienols (u, R = Me; v, R=H)

0 0
R S P R

HO Curcumins (R = OMe, H) OH
OH

@m
HO O OH OH
i,
0-C oH
0

OH
Epigallocatechin-3-gallate (EGCG)

Figure 9. Naturally occurring phenolic antioxidants,

stressed as useful against cardiovascular diseases as
well as cancer. Prevention of oxidation of lipoprotein
cholesterol particles with which tocotriencls are
associated, could be the main function even though
the reduction of cholesterol levels have been
observed on some individuals. More interestingly
neuro-protective mechanisms have been unraveled
and could be potential for useful drugs. The eatliest
study of tocotrienols against induced carcinogenesis
had led to later findings on apoptotic properties
against cancer cells [21]. The useful bioactivities of
tocotrienols may be due to their structures showing
partial similarities to steroids as shown in Figure 11.
Tocotrienols isolated from palm oil had provided
some useful chemistry, The gamma isomer when

Steroids i

Figure 11. Structures of tocotrienols and steroids.




oxidised provided the radical intermediate which
dimerised to biphenyl derivatives and because
of the inherent hindered rotation provided two
distinct isolable diasterecisomers. Since the natural
v-tocotrienol has the R-configuration much like
natural «-tocopherol, dimerisation will create
“biphenyl-type” structures with hindered rotation and
therefore provide R,R,R- and R,S,R-diastereoisomers
(Fig. 12). These were isolable chromatographically
but they isomerised over time and the structures had
to be quickly determined by NMR techniques [22].

RADICAL MECHANISMS

There are many reactions which may apparently
have mechanisms that may not be definitive as
radical or ionic. One such reaction was the reaction
of p-nitrobenzyl chloride with sodium hydroxide
which definitely produced the carbanion intermediate
because of the relative acidity of the compound.
Further reaction may be rationally expected to
proceed by SN, or even by alpha-climination to 2
carbene and the product could be the dinitrostilbene.
However the kinetics was more closely that of a
second-order reaction rather than first order (for a
carbene or reaction with air). Furthermore products
were indicative of radical formation such as the
formation of an acetylenic product apart from
stilbene. Apparently the reaction was better described
as an electron fransfer from carbanion to the neutral
precursor and products were formed from further
reactions of the radicals produced [23-27].

Inmany instances it can be much more obvious that
radical intermediates were involved as in the action
of organic halides by some organometallic reagents.
At a time when there was interest in the stability of
bridgehead radicals, the generation of such from

Figure 12. y-Tocotrienoxy radical and dimers
in diastereomeric forms.

bridgehead halides by pentacyanocobaltate provided
these intermediates and also the organocobalt-
bridgehead compounds (Fig. 13). However in the
case of chromium (II) reductions of organic halides
the radical and ionic natures of the intermediates were
less definite [28-30].

Another intriguing reaction was that of lithium
diisopropylamide with some organic halides which
fromtheoretical predictionsshouldnotfavourelectron-
transfer but yet showed some unexplained possibly
radical characteristics. Careful experimentation using
various hindered and deuterated dialkyl amides on
a chosen substrate trityl chloride provided some
definitive results. Firstly the trityl radical as well as
the typical peroxide product with air were observed
which verified that a radical reaction was possible.
The trityl radical was interesting, especially its high
stability and its dimeric form (rather than the wrong
conclusions from very early Gomberg chemistry).
The more hindered perchlorotrityl radical was even
more remarkable as being totally stable and existing
in separable enantiomeric R and § forms (propeller-
shaped). In the lithium dialkylamide-trityl chloride
reaction the kinetics was first order in the presence
of excess base, an indication that the SN, dissociation
to trityl carbocation had occurred before the electron-
transfer step can rationally take place (Fig. 14).

@ @ @G @ e

Figure 13. Bridgehead radicals and organometal

intermediates.

C+

electron-transfer?

PPRY
v OF
<

——

H
H
H E
—_— 2 Q—CG
H&m

Figure 14. Radical formation from lithium
dialkylamide and trityl chloride.
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RETROSPECT AND FUTURE PROSPECTS

Much of the understanding of classes of organic
reactions is now in place and free radical reactions
form a major class. The theoretical aspects and their
characteristics have now been applied wherever the
situation may arise, e.g. initiation, polymerization,
oxidation-reduction, radical cyclisations, use of
metal-radicaloids and natural antioxidants. Chemical
and industrial aspects of radical chemistry have been
well documented, even though much of environmental
sulphur and toxic metal chemistry will need attention.
A lot still remains to be understood in biology and
medicine in terms of radical processes as well as the
action of radicals on biclogical molecules. Some of
nature’s processes involving one-electron-transfer
and unique metal-radicaloid systems have still to be
properly unravelled before synthetic analogues can be

designed. Some examples include C-Hactivation, one-
electron transfer steps in photosynthesis, enzymatic
cyclisations/reactions and nitrogen fixation,

The limelight had fallen on metal-carbenes
catalysts for synthesis for which Nobel prizes have
been awarded. Metal-carbenes and metal-radicaloids
are capable of further surprises in producing novel
chemistry. Atom fransfer radical polymerisation has
evolved to provide a major living/controlled radical
methodology to precision polymer production.
Several named catalysts for C-C couplings no doubt
will be highlighted and evaluated in the near future.
Over the years reactive carbenes have been made into
stable entities by using steric and electronic control,
e.g. stable N-heterocyclic-carbenes, which can be
employed as catalysts in organometallic synthetic
applications.
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Appendix 1. Amphibian and Reptile species examined and sighted in Broga and Sungai Lallang Forest Reserves,
Hulu Langat during May and September 2003. Figure denotes hand caught, figure in bracket sighted, VSC, voucher
specimen collecled. P: Protected; TP: Totally protected; NP: Not Protected.

No. Family/Species Broga Sg. Remarks Legal
FR Lallang Status
FR
ANURA
AMPHIBIANS NP
Megophryidae
1 Megophiys nasuta i 4 Forest floor (1 VSC) NP
2 Xenophrys longipes - 1 Forest shrub (1 VSC) NP
3 Leptobrachivm hendricksoni 2 1 (1 V8C) NP
Bufonidae
4 Phiynoidis aspera 4 4 Released. NP
5 Ingerophrynus parvus 5 1 Forest floor near stream. (2 VSC) NP
6 Leptophryne borbonica 1 4 Forest floor. (1 VSC) NP
7 Duttaphrynus melanostictus 2 Under dead log forest floor. NP
Ranidae
8 Amolops larutensis 3 2 Banks of fast flowing stream. (1 VSC) NP
9 Limnonectes blythii 3 2 Banks of forest streams. Released. NP
16 L. laticeps 15 12 Banks of forest streams. (2 VSC) NP
11 L. plicarellus 2 - Water puddles near forest stream. (1 VSC) NP
12 L. rweediei 1 i Banks of forest stream. (1 V8C) NP
13 Fejervarva limnocharis 10 - Water puddles along forest trail and bank of NP
streams. {2 VSC)
14 Hyarana raniceps 14 2 Leaves of plants along forest streams. (2 VSC) NP
15 Odorrana hosii 2 - Banks of forest stream. {1 VSC) NP
16 H. erythraea 5 - In pools of water near forest stream. Released. NP
17 H glanduiosa - 1 Banks of forest stream. Released. NP
18 A picturata - 2 Banks of forest stream. (1 VSC) NP
Rhacophoridae
19, Polypedates lencomystax 9 1 Branches of small plants along frails. Released. NP
20 P macrotis 1 4 Tree branches near forest stream. ( 1 VSC) NP
21 P collesi - 2 Tree branches along forest stream. (1 VSC) NP
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