
Brett A. McGuire
NRAO Hubble Fellow

Andrew Burkhardt, Sergei Kalenskii 
Anthony Remĳan

Observations

Modeling

Laboratory

Christopher Shingledecker, Andrew Burkhardt 
Eric Herbst

K. L. Kelvin Lee, Michael McCarthy

Interstellar PAHs

Pre-SOFIA



A  P A I R  O F  M Y S T E R I E S

Mary Lea Heger

Diffuse Interstellar Bands 
1920s

Individual Carrier

General Composition

+

2



A  P A I R  O F  M Y S T E R I E S

Mary Lea Heger

Diffuse Interstellar Bands 
1920s

Unidentified Infrared Bands 
1980s

Individual Carrier

General Composition

Individual Carrier

General Composition

3



A  3 0 - Y E A R  O L D  M Y S T E R Y

Polycyclic Aromatic Hydrocarbons 
(PAHs)

Smith et al. 2007 ApJ 656, 770

Tielens 2008 ARA&A 46, 289
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A  3 0 - Y E A R  O L D  M Y S T E R Y

NGC4321
Smith et al. 2007 ApJ 656, 770


Tielens 2008 ARA&A 46, 289
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A  3 0 - Y E A R  O L D  M Y S T E R Y

~10% of carbon in 
the Universe locked 

up in PAHs

Smith et al. 2007 ApJ 656, 770

Tielens 2008 ARA&A 46, 289
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A  3 0 - Y E A R  O L D  M Y S T E R Y
Cernicharo et al. 2001 ApJ 546, L123
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I D E A L  C A N D I D A T E

Factor Reduces TA? PAHs?

Low NT

Low Dipole

Hot

Big Small (relatively speaking)

Cold

Huge Dipole
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I D E A L  C A N D I D A T E

furan pyrrole pyridine

phenol benzonitrile benzaldehyde anisole
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I D E A L  S O U R C E

Taurus Molecular Cloud 1 

(TMC-1)

Cold: Tk ~ 10 K

Dense(ish): nH ~ 104 cm-3


Narrow Lines: ~0.3 km s-1


Favorable Chemistry
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A  S E A R C H  P R O T O C O L
Kaifu et al. 2004 PASJ 56, 69

H13CC4N
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CH2CN
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Sgr B2(N) 
PRIMOS
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B A C K  T O  T H E  L A B
McGuire et al. 2017 in revision

5 - 40 GHz

~0.4 km/s
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McGuire et al. 2017 ApJL 843, L28

Burkhardt et al. 2017 MNRAS in revision 

A  B R I E F  S I D E  N O T E

HC515N
DC7N

HC613CN
HC513CCN

HC413CC2N
HC313CC3N

HC213CC4N
HC13CC5N

1 New Molecule / 250 MHz
1 New Iso. / 125 MHz
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McGuire et al. 2017 in revision
S O  W H E R E ’ S  I T  C O M I N G  F R O M ?

CNC6H6 C6H5CN H+ +

CNC6H5 C6H5CN+

CNC6H5X C6H5CN X+ +
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McGuire et al. 2017 in prep

Preliminary Values

28



McGuire et al. 2017 in prep
S O  W H E R E ’ S  I T  C O M I N G  F R O M ?

En
er

gy
 (k

J/
m

ol)

0

-400

-200

-600

200

G3/B3LYP

See Also: D. Woon 2006 Chem. Phys. 331, 67 

Preliminary Values
29



McGuire et al. 2017 in revision
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McGuire et al. 2017 in revision
C A N  W E  S E E  T H I S  I N  T H E  L A B ?

Two Spectroscopic Tools

Cavity-Enhanced Fourier-Transform  
Microwave Spectroscopy

Narrowband (~1 MHz)

High Sensitivity


High Speed

8 - 18 GHz

Chirped-Pulse Fourier-Transform  
Microwave Spectroscopy

Broadband (~10 GHz)

Modest Sensitivity


Modest Speed

CP-FTMW

Ca
vit

y 
FT

M
W
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8 - 18 GHz

CP-FTMW

C6H6

HC3N
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McGuire et al. 2017 in revision
C A N  W E  S E E  T H I S  I N  T H E  L A B ?

C6H6 + HC3N 
C6H5CN
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McGuire et al. 2017 in revision
C A N  W E  S E E  T H I S  I N  T H E  L A B ?

C6H6 HC3N
CH3CN

C6H5CH3 CH3CN

+
+

+

C6H5CN
C6H5CN

C6H5CN

+
+

+

C6H5NC

C6H5NC

C6H5NC

>1000 : 1

There must be a kinetic barrier to  
forming C6H5NC vs C6H5CN
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IR IR
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W H E R E  D O  W E  G O  F R O M  H E R E ?

TMC-1

Sgr B2(N) 
PRIMOS
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W H E R E  D O  W E  G O  F R O M  H E R E ?
Sakai et al. 2009 ApJ 697, 769
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W H E R E  D O  W E  G O  F R O M  H E R E ?

C6H6C2H H2C(CH)2CH2+

C2H + CNHC3N
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CRL 618
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T A K E  H O M E  M E S S A G E

CNC6H6 C6H5CN H+ +
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