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In this thesis, we present four works on the infrared dark clouds, fragmentation and
deuteration of compact and cold cores, hyper-compact (HC) HII regions, and infrared dust
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bubbles, respectively. They are not only the products of early high-mass star formation, but
reflect different evolutionary sequences of high-mass star formation.

(1) Using the IRAM (Institut de Radioastronomie Millimétrique) 30 m telescope, we
obtained HCO™, HNC, Ny*  and C'®O emission in six IRDCs (infrared dark clouds), and
study their dynamics, stability, temperature, and density.

(2) Fragmentation at the earliest phases is an important process of massive star forma-
tion. Eight massive precluster clumps (G18.17, G18.21, G23.97N, G23.98, G23.44, G23.97S,
(G25.38, and G25.71) were selected from the SCUBA (submillimetre Common-User Bolome-
ter Array) 850 pm and 450 pum data. The VLA (Very Large Array) at 1.3 cm, PbBI at 3.5
mm and 1.3 mm, APEX (Atacama Pathfinder Experiment telescope) at 870 pum observa-
tions were followed up, and archival infrared data at 4.5 pm, 8.0 pm, 24 pm, and 70 pm
were combined to study the fragmentation and evolution of these clumps. We explored the
habitats of the massive clumps at large scale, cores/condensations at small scale, and the
fragmentation process at different wavelengths. Star formation in these eight clumps may
have been triggered by the UC (ultra-compact) HII regions nearby.

(3) The formation of hyper-compact (HC) HII regions is an important stage in massive
star formation. We present high angular resolution observations carried out with the SMA
(Submillimeter Array) and the VLA (Very Large Array) toward the HC HII region G35.58-
0.03. With the 1.3 mm SMA and 1.3 cm VLA, we detected a total of about 25 transitions of 8
different species and their isotopologues (CO, CH3CN, SO,, CH3CCH, OCS, CS, H30c/380,
and NHj3). G35.58-0.03 consists of an HC HII core with electron temperature 7.7 > 5500 K,
emission measure EM = 1.9x 10° pc-ecm %, local volume electron density ne = 3.3x10% cm ™3,
FWHM ~ 43.2 km-s~! for radio recombination lines from both H30a and H383 at its
intrinsic core size 3714 au. The H30« line shows evidence of an ionized outflow driving a
molecular outflow. The molecular envelope shows evidence of infall and outflow with an
infall rate of 0.033 M yr~! and a mass loss rate 0.052 M, -yr~t. The derived momenta
(~0.05 M, - km - s~1) are comparable for both the infalling and outflowing gas per year.
It is suggested that the infall is predominant and the envelope mass of the dense core is
increasing rapidly, but accretion in the inner part might have already been halted.

(4) OB type stars have strong free-free radiation. The ultraviolet radiation from ionizing
stars may heat the dust and ionize the gas to sweep up an expanding bubble, probably
accompanied by formation of next generation of stars. The position-velocity diagram clearly
shows that N68 may be expanding outward. The structure of bubble S51, carried with shell
and front side, is exhibited with '3CO and C'®0 emission. Both outflow and inflow may
exist in the shell of the bubble S51. They may represent the next generation of stars whose
formation was triggered by the bubble expanding into the molecular gas. For the bubble
N131, we aim to further explore the molecular clumps and star formation at a higher spatial
resolution compared with previous CO observations, and try to speculate its origin. The
bubble N131 is likely originated in a filamentary nebula, within which the strong stellar wind
from a group of massive stars broke up a pre-existing filamentary nebula into the clumps
AD and BC, and sweeped up the surrounded material onto the ringlike shell of the bubble
N131.
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