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The Infrared and Raman Spectroscopic Signals of HF, HCl, 
HBr and HI
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1 INTRODUCTION 

K%-3"3%.2&"/.11I6-/5&-.6"-3"5,.I&"/.1'I&5&-.65?"*.2T".6",0%5?:".:"&%0"0F'02-106&5?"High
Temperature Laboratory"5&">%0::-0?@+";.1'I&5&-.63".6"&%0"%8@2.N06"%5?-@03""%5=0"8-0?@0@"I30:I?"
-6'I&"&."&%0"@03-N6".:"0F'02-106&5?"1.6-&.2-6N"0OI-'106&+"K%0"OI5?-&8".:"'.33-,?0"/5?/I?5&-.63"*53"
-6-&-5??8"56"I6T6.*6"OI56&-&8"*-&%"203'0/&"&."&%0"'02:.2156/0".:"/.20"'.&06&-5?3!"/.220?5&-.6"1.@0?!"
20?5&-=-3&-/"10&%.@"56@"5?3.",53-3"30&+"K%0"?52N03&"1.?0/I?0"CM!"/.6&5-63"&%0""%05=8"5&.1"-.@-60!"56@"
-&"-3"T6.*6"&%020"520"3-N6-:-/56&"20?5&-=-3&-/"/.220/&-.63"&."-&3"'.?52-S5,-?-&-03!"&%020:.20"&%020"/.I?@"
5?3.",0"?52N0"/.220/&-.63"&."&%0"@-3'023-.6"-6&025/&-.63"56@"?52N0"/.220/&-.63"&."&%0"'.?52-S5,-?-&8"
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5&"0F5/&?8"&%0".'025&-.65?":20OI06/8^+"J3":52"53"&%0"0F'02-106&5?-3&3"520"/.6/0260@"%020"X#_".:"&%0"
0::.2&"-6"&0213".:"5//I25&0"/5?/I?5&-.6"-3"N-=-6N"`#_".:"&%0"203I?&!"0=06"&%.IN%"5//I25&0"/5?/I?5&-.6"
.:"&%0"'2.'02&-03".:"-6&0203&"20OI-203"5"?52N0",53-3"56@"5"N..@"*5=0:I6/&-.6"56@"'02%5'3"0=06"&%0"
/.220?5&-.6"56@"20?5&-=-3&-/"/5?/I?5&-.63"*%-/%"/.I?@".6?8",0"'02:.210@"*-&%"5"'2.N251"3I/%"53"
9MEJ;W\Y+""K%0"/5?/I?5&-.63"520"'02:.210@"5&"&%0">;D"?0=0?"-6"&%0"Double Harmonic 
Approximation "*%020"&%0"=-,25&-.65?":20OI06/-03"520"/5?/I?5&0@"*-&%"5"%521.6-/"*0??"/.1,-60@"
*-&%"5"?-6052"&2I6/5&-.6".:"&%0":I6/&-.6":.2"&%0"@-'.?0"1.106&"@02-=5&-=0+"a22.23"-6&2.@I/0@"&."&%0"
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/.6/?I3-.6+"P.6N"56@"H?560WbY"%5=0"3INN03&0@"&%5&"&%0"15N6-&I@0".:"&%0"",.6@""'.?52-S5,-?-&8""
@02-=5&-=0!"5"'2-6/-'5?"/.1'.606&".:"&%0"E5156"-6&063-&8!""-3""5""1053I20".:"/.=5?06&"/%525/&02+"K%0"
52NI106&"-3"&%5&"-:"&%0",.6@-6N"*53"&.&5??8""-.6-/"&%0""'.?52-S5,-?-&8")"",.6@V?06N&%"@02-=5&-=0"*.I?@"
,0"S02."53"8.I"*.I?@"%5=0"&%0"3I1".:"30'525&0"-.6"'.?52-S5,-?-&-03"5&""5??""@-3&56/03+""K%0""-6&025/&-.6"
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-6/205303"53"8.I"@-3&.2&"&%0",.6@"&.*52@3"",205T-6N+""M:"".60"5//0'&3"&%-3"52NI106&"56@"/.1,-603"-&"
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""""K%020:.20"&%0"1.?0/I?0"*%-/%"%53"&%0"315??03&"%5?.N06"56@"&%0"?52N03&"0?0/&2.60N5&-=-&8"
@-::0206/0!"CD!""*-??"%5=0"&%0"1.3&"-6&0630"ME"3'0/&2I1"56@"&%0"?053&"-6&0630"E5156"3'0/&2I1+"
>-1-?52?8"CM"*-&%"&%0"1.3&"/.=5?06&",.6@"56@"5"?52N0"'.?52-S5,-?-&8"56@"'.?52-S5,-?-&8"@02-=5&-=0"
*-??"%5=0"&%0"*05T03&"ME"56@"&%0"3&2.6N03&"E5156"3'0/&2I1+"J6.&%02":5/&.2"@0'2033-6N"&%0"ME"3-N65?"
:.2"CM"-3"&%5&"&%0"1.=0106&".:"5&.13"-6"5"=-,25&-.65?"1.@0"-3"?033",0/5I30".:"&%0"?52N02"20@I/0@"
1533"/5I3-6N"&%0"=-,25&-.65?"OI56&I1"3&5&03"&."?-0"?.*02"-6"&%0"@-5&.1-/"'.&06&-5?"/I2=0+"

2 RESULTS AND DISCUSSION 

;5?/I?5&-.63" .:" &%0" -6:2520@" 56@" E5156" '52510&023" .:" &%0" 1.?0/I?03" CD" &%2.IN%" CM" *020"
'02:.210@"I3-6N"&%0"9JPKQR"56@";J9HJ;WeY"'2.N2513+"K%0"40@H.?",5303".:">5@?0UW`!X#Y"*020"
5=5-?5,?0" :.2" 5??" &%0" 5&.13" %020" 3." &%030" ,5303" *020" I30@" :.2" &%0" :-65?" /5?/I?5&-.63+" >.10"
'20?-1-6528" /5?/I?5&-.63" I3-6N" 1I/%" 315??02" ,53-3" 30&3" *020" '02:.210@" 56@" &%08" OI5?-&5&-=0?8"
5N200@"*-&%"&%0".603"'20306&0@"%020",I&"520"6.&"3I-&5,?0":.2"20'.2&-6N",0/5I30"&%0"5,3.?I&0"=5?I03".:"
&%0" '.?52-S5,-?-&8"*%-/%"1020" 3'?-&" =5?06/0" ,5303" /56" '2.@I/0" 520" 315??02" &%56" &%0" 0F'02-106&5?"
=5?I03",8" "5" :5/&.2".:"I'" &."\+">5@?0Uf3"40@H.?",53-3" " -3" 3'0/-:-/5??8"@03-N60@" &." 20'2.@I/0"N..@"
'.?52-S5,-?-&-03"5&"5"1.@03&"/.1'I&5&-.65?"/.3&+"

"""K%0"=5?I03"/5?/I?5&0@"5&"S02.":20OI06/8"":2.1"9JPKQR"56@";J9HJ;"*020"-6"5N200106&",I&"&%0"
=5?I03"'20306&0@"%020"520" &%0"9JPKQR".603"53" &%08"*020"0=5?I5&0@"5&" &%0".'025&-.65?":20OI06/8"
,0-6N" /.63-@020@" :.2" &%0" E5156" 0F'02-106&+" K%0" I6-&3" .:" E5156" -6&063-&8" I30@" 520" &%0" 6.6" >M"
"
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g6N3&2.1b" )" 5&.1-/"1533"I6-&"*%-/%" -3" I30@",8"1.3&"ab initio" OI56&I1"/%01-3&28"'2.N2513"56@"
?-&025&I20" =5?I03" 520" /.11.6?8" OI.&0@" -6" &%030" I6-&3+"K%0"E5156" /5?/I?5&-.63" 520" 0=5?I5&0@" 5&" 5"
?5302":20OI06/8"".:"bee+e#"61+"

""K5,?0" X" '20306&3" &%0" >;D" :20OI06/-03" 56@" @-'.?0" 1.106&3+" J3" I3I5?" &%0" I6/.220?5&0@" >;D"
:20OI06/-03"520"5"?-&&?0"&.."%-N%"56@"&%0"@-'.?0"1.106&3"520"5?3."3?-N%&?8"&.."?52N0+"K%-3"-3",0/5I30"
>;D" .=0201'%53-S03" &%0" -.6-/" &0213" -6" &%0" *5=0:I6/&-.6" N-=-6N" ,.&%" &%0" *2.6N" @-33./-5&-.6"
'2.@I/&3"56@""5"@-'.?0"1.106&"*-&%"&.."1I/%"/%52N0"30'525&-.6+"K%0"?52N02"@-3/20'56/8":.2"CM"158"
0=06",0"@I0"&."&%0"1-33-6N"20?5&-=-3&-/"0::0/&3"53"*0??"53"&%0"?52N0"51.I6&".:"/.220?5&-.6"-6"&%0"db"
0?0/&2.63".:"&%0"1.?0/I?0+"K%0"022.2"-6"&%0"-6:2520@"-6&063-&-03"*-??",0".:"5"3-1-?52".2@02",I&"-&"-3"6.&"
20?0=56&"&."&%0"&206@3+"

Table – 1, ;5?/I?5&0@" " 56@"aF'02-106&5?" M6:2520@" D20OI06/-03!" 56@" "9-'.?0"4.106&3" :.2" &%0"
4.?0/I?03"CD"&%2.IN%"CM!"]E0:0206/0WXXY"]0F'02-106&5?^"56@"&%-3"*.2T^"

4.?0/I?0" D20O+")"/1VX"

];5?/I?5&0@^"
D20O+")"/1VX"

]aF'02-106&5?^"
;5?/I?5&0@"

9-'.?0"4.106&"]h^"
)"X#VA# ;1""

aF'02-106&5?"
9-'.?0"4.106&"]h^"

)"X#VA# ;1""

CD" bbdB+#\" bXAe+A\"" Z+A\ Z+AB

CAd;?" A#BA+eZ"" \``#+`d"" b+#d A+Z#

CeXL2" \Bee+\B"" \Zbe+`e"" A+\b \+ZB

CX\BM" \bb`+XZ"" \A#e+#`"" \+Xe X+b#

"

K%0"'.?52-S5,-?-&-03"'20306&0@"-6"&5,?0"\"15&/%"&%0"0F'02-106&5?"1053I20106&3"=028"*0??"56@"53"
I3I5?"&%08"520"5"3?-N%&"I6@0203&-15&0"@I0"&.",.&%",53-3"30&"-6/.1'?0&06033"56@"&%0"'%06.106.6"&%5&"
1.?0/I?03" /.1'.30@" .:" 35&I25&0@" ,.6@3" I3I5??8" %5=0" 5" '.3-&-=0" /.220?5&-.6" /.6&2-,I&-.6" &." &%0"
'.?52-S5,-?-&8+"

Table – 2, ;5?/I?5&0@" " 56@" aF'02-106&5?" M3.&2.'-/" H.?52-S5,-?-&-03" ]i^" :.2" &%0"4.?0/I?03" CD"
&%2.IN%"CM!"]j^"V"0F'02-106&5?"=5?I03"":2.1"C53560-6WX\Y!"]k^"V"56@"20:0206/0WXAY"+"K%0"/5?/I?5&0@"
=5?I03"520"&%-3"*.2T+"

4.?0/I?0" ;5?/I?5&0@""i""
)""X#Vb#"lVX;\1\"

aF'02-106&5?" i""
)""X#Vb#"lVX;\1\

CD" #+eX" ]j^#+`\

CAd;?" \+BZ" ]j^\+eB

CeXL2" A+eX" ]k^b+#X

"
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CX\BM" d+eA" ]k^Z+#Z

"

"

""K5,?0"A"3%.*3"&%0"/5?/I?5&0@"-6:2520@"56@"E5156"-6&063-&-03":.2"CD"&%2.IN%"CM"56@"&%0"/?052"*58"
&%0"ME"3-N65?"N.03"&."6052"S02."56@"&%0"E5156"3-N65?"-6/205303+"

Table – 3, ;5?/I?5&0@"M6:2520@"56@"E5156"H52510&023":.2"&%0"4.?0/I?03"CD"&%2.IN%"CM"

4.?0/I?0" D20O+")"/1VX" M6&063-&8")"T1.?VX H.?52-S5&-.6"
M6&063-&8")""
]"gb")51I^"

90'.?52-S5&-.6"
M6&063-&8") "
]"gb")51I^

CD" bbdB+#\" XZe+BBe"" \`+eZ" b+\A

CAd;?" A#BA+eZ"" dZ+Ze#"" `A+#`" XZ+`Z

CeXL2" \Bee+\B"" Xd+ed\"" X\d+ZZ" \d+\X

CX\BM" \bb`+XZ"" #+#dd"" XBX+B`" bX+XA

"

"

3 CONCLUSIONS 

L8" @0:-6-&-.6" &%0"C-N%" K01'025&I20" P5,.25&.28" 520" 6.215??8" /.63-@02-6N" 3-&I5&-.63"*%020" &%0" -6:2520@" 3-N65?" -3"

&.&5??8"3*51'0@".I&",8"&%0",5/TN2.I6@"%05&"56@".6?8"E5156"&0/%6-OI03"/56",0"I30@+"C.*0=02"-6"2..1"&01'025&I20"

3-&I5&-.63"&%030"/.1'I&5&-.63"3%.*"/?052?8"%.*"-6:2520@"56@"E5156"&0/%6-OI03"/56",0"/.1'?0106&528":.2"2053.63".&%02"

&%56" &%0" :51-?-52" -6:2520@" )" E5156" 0F/?I3-.6" 38110&28" 2I?03" *%-/%" 520" 5?*583" 5" /.1'.606&" .:" 56" I6@02N25@I5&0"

3'0/&2.3/.'8"56@"N2.I'"&%0.28"/.I230+"M&"-3"/?052"&%5&"CM"/56",0"1.6-&.20@"I3-6N"&%0"E5156"&0/%6-OI0",I&"'2.,5,?8"%53"

56"I6@0&0/&5,?0" -6:2520@" 3-N65?" 56@" &%5&" &%0" -6:2520@" 3-N65?" /56"N." &."6052" S02."@I0" &.",.6@-6N"56@"'.&06&-5?" 0602N8"

3I2:5/0"/.63-@025&-.63"53"*0??"53"38110&28+"

K%.IN%"&%030"/5?/I?5&-.63"%5=0"/.63-@025,?0"022.2"-6"&%01!"*%-/%"-3"6.*"&0/%6-/5??8":053-,?0"&."201.=0!"0=06":.2"

CM!"I3-6N"&%0"20?5&-=-3&-/"/.220?5&0@"10&%.@3"-6"&%0"9MEJ;"'2.N251!"&%0"203I?&3"520"'20306&0@"6.*"53"5"&-10?8"0F51'?0"

.:" %.*" OI56&I1" /5?/I?5&-.63" 56@" ,53-/" '%83-/5?" /%01-3&28" /56" ,0" I30@" &." 15T0" '20@-/&-.63" .:" 3'0/&25+" 90:-6-&-=0"

/5?/I?5&-.63"I3-6N" 20?5&-=-&8"*.I?@" 20OI-20" 3.10"@0=0?.'106&" 56@" /%0/T-6N".:",53-3" 30&3!" 5" 315??"@-5&.1-/"1.?0/I?0"

3'0/&25?"-6&063-&8"'2.N251""&.",0"*2-&&06"56@"*.I?@"5?3."600@""&%0"0::0/&3".:"56%521.6-/-&8"&.",0"/.63-@020@+""

"
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