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The addition of the third component into the polymer-salt system such 
as nanofiller has been extensively studied by researchers to increase the 
amorphous region of the polymer electrolyte system, thus improving the 
ion movement in the polymer chain. In most studies, the range of ionic 
conductivity of nanocomposite polymer electrolyte (NCPEs) can be up 
to ~10-4 S cm-1 and high σDC is recommended for use in applications. 
The success of the solid polymer electrolyte (SPEs) and NCPEs could 
be applied to energy storage device, electronic vehicle and capacitor 
for the future generation. However, the effective role of the nanofiller 
in promoting ion transport is not yet well understood. Therefore, this 
research is an effort to govern the understanding of the dispersion and 
effective role of the nanofiller of the most studied blend, Poly(ethylene 
oxide) (PEO)/Poly(methyl methacrylate) (PMMA) with lithium 
perchlorate (LiClO4). Differential scanning calorimetry (DSC) was used 
to study the thermal behaviour of the SPEs and NCPEs. A single and 
composition-dependent glass transition temperature (Tg) is observe for 
all blend compositions with increasing content of PMMA in the blend and 
it follow closely to that Gordon-Taylor equation. Addition of TiO2 does 
not give influence to the Tgs of PEO due to the absence of interaction 
between PEO and TiO2, but significantly raises the Tgs of PMMA. Studies 
on crystallinity (X*) shows that addition of PMMA and also TiO2 cause 
distortion on the PEO spherulites shape. The reduction of dark regions 
in the inter-spherulite region indicates TiO2 has weaken the linkage of 
O-Li through the Lewis acid-base interaction. Close inspection of the 

The aborigines are only 0.5% of the entire population of Peninsular Malaysia, 
typically living secluded together in their own tribe. This reduces inter-
tribal marriage and mating. They have been assigned to tribes and sub tribes 
through physical appearances such as the colour of their skin, the structure 
of their nose and their hair. Short tandem repeats (STR) that can be found in 
Y-chromosome of human male is called Y chromosome short tandem repeat 
(Y-STR) while the microsatellites found in the autosomal chromosomes 
are called the autosomal STR. The objective of this study were to construct 
haplotypes, to calculate allele frequency and haplotype frequency, to calculate 
the haplotype diversity and discrimination capacity of the haplotype, to 
calculate gene diversity and locus diversity and to construct phylogenetic 
network for Orang Asli using SWGDAM-recommended Y-STRs and CODIS 
recommended autosomal STRs. Y-STR used in this study were SWGDAM-
recommended haplotype consisted of DYS19, DYS385 a/b, DYS389 I/II, 
DYS390, DYS391, DYS392, DYS393, DYS438 and DYS439. Markers 
of autosomal STR are from the Combined DNA Index System (CODIS) 
database selected by American Federal Bureau of Investigation. After ethical 
approval of JAKOA and UiTM were obtained, buccal swabs of 276 Orang 
Asli individuals were collected and saved on FTA cards. All samples were 
run through Polymerase Chain Reaction (PCR) and the fragments obtained 
were analyzed. Several samples were selected for sequencing for number 
of repeats validation. Haplotype profiling revealed 164 distinct haplotypes 
obtained from 184 samples using Y-STR while 167 haplotype were found 

13

14

SEM micrographs observes that at low TiO2 content, the nanofiller are 
homogeneously disperse with no nanoparticle aggregation in the salt-
free and salt-added neat PEO as well as the PEO/PMMA blend matrix. 
Addition of LiClO4 enhances the conductivity of PEO and it records a 
maximum σDC value of 1.38 × 10-6 S cm-1 at YS = 0.10, then follow 
by PEO/PMMA 75/25 which exhibit σDC value of 7.00 × 10-7 S cm-1 
at the same amount of YS as PEO. In the presence of TiO2, the σDC 
values of the salt-free neat PEO and neat PMMA remain unchanged 
with ascending nanofiller content. However, the σDC values of the PEO/
PMMA 75/25 blend decreases by one order of magnitude. PEO/PMMA 
75/25 at YS = 0.10 shows the shortest relaxation time (τmax) among the 
blend composition. Overall, PEO/PMMA 75/25 blend system has the 
best ɛ’, ɛ”, M ‘ and M “ values which are very close to the respective 
values of PEO system, thus accounts for its best ion conductivity among 
the rest of the blend systems investigated. The intermolecular interaction 
studies by FTIR have shown that addition of LiClO4 cause the shifting 
of characterized peak in PEO, PMMA and its blend, however addition 
of TiO2 has proved that the nanofiller is more active to the salt-added 
PEO/PMMA 75/25 system as compared to the parent polymers. The 
observation of crystal structure under XRD have shown that LiClO4 
and TiO2 give effect on the crystal structure of PEO and PEO/PMMA 
blend, supporting the observation done by other instruments studied in 
this research.

from 167 samples using autosomal STR. The haplotypes showed 100% 
discrimination capacity for autosomal STR markers while only 90.76% for 
Y-STR with haplotype diversity for Y-STR and autosomal STR 0.9987 and 
1.000 respectively. Average heterozygosity was found to be the highest in 
Proto Malay. Senoi and Negrito showed the least genetic distance between 
tribe when analyzed using both markers which were 0.064 and 0.039 when 
using Y-STR and autosomal STR respectively. Y-STR revealed Senoi and 
Proto Malay to be the most distant tribes with genetic distance value of 
0.165. On the other hand, the most distant tribes according to autosomal 
STR were Negrito and Proto Malay with the value 0.106. AMOVA analyses 
showed that the differences were found to be more abundant within 
populations for both type of markers with the range of percentage variance 
between 82-98%. Percentages of variances obtained among the populations 
were between 2-18%. Phylogenetic analysis showed clusters that reflect the 
tribes affiliation better when using Y-STR pairwise distances compared to 
autosomal STR distances. Y-STR markers are better than autosomal STR 
in grouping Orang Asli individuals into their respective tribes as assigned 
by physical attributes. In conclusion, Y-STR and autosomal STR can be 
used to find the differences between tribes. However, the subtribes are too 
close to one another, no clear pattern can be obtained using said markers. 
However, more samples of Orang Asli that includes more subtribes from 
different locations should be included in future studies to provide better 
conclusion.


