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A. Abstract: 

A 10 m Submillimeter radio telescope was tuned to specific rest frequencies of deuterium 

complexes to determine the D/H ratio in the circumstellar envelope of IRC+10216. The initial D/H ratio 

from the Big Bang is in the order of magnitude of 10-6 (Francois [3]). A [D]/ [H] ratio enhancement is 

what is expected from kinetic isotopic fractionation. We found a ratio of 2.604*10-3 with respect to 

DNC/HNC in the circumstellar envelope of IRC+10216, agreeing with theory. Literature places the [H]/ 

[D] ratio in IRC +10216 > 1100 (Wannier, 1978 [5]), which agrees with our findings as well.  Additional 

molecules would need to be studied in future experiments to verify these results. 

B. Introduction: 

The origin of compounds in the solar system is an important issue that can help us better 

understand stellar nucleosynthesis and therefore galactic chemical evolution. The universal 

deuterium/hydrogen ratio formed during the “Big Bang” is well documented [3], around 15*10-6. The 

D/H ratio in the star IRC+10216 hasn’t been extensively studied and will be explored through this 

research. It’s believed IRC+10216 will show a deuterium enhancement, which has been systematically 

observed in planets, comets and meteorites in the past. This is believed to be a result of kinetic isotopic 

fractionation reactions, where the reaction rate for deuterium formation is faster than hydrogen 

formation. The isotopic exchange reaction between water and deuterated hydrogen is a well-known 

example of this fractionation; 

HD + H2O
kf

kr

⇔ HDO + H2       (1B) 

Where kf is the forward rate constant and kr is the reverse rate constant.  

Which side the reaction favors is entirely dependent on temperature, isotopic fractionation plays a 

much more prominent role at colder temperatures. In space these isotopic exchange reactions can take 

place in 3 different environments (Francois [3]); 

1. In the solar nebula via a thermal isotopic exchange reaction between hydrogen and other 

hydrogen bearing molecules. 

2. In the dense interstellar medium (ISM) at low temperatures (< 50 K) via isotopic exchange 

between ionized species and molecules. 

3. In hot cores (dense interstellar clouds) at temperatures less than 200 K via isotopic exchange 

reactions between radicals and other neutral molecules. 

Chemistry, and more specifically isotopic fractionation, in these three areas has been well 

documented (Francois [3]) and we can apply a lot of the knowledge gained to our studies of IRC +10216. 

 What was measured in this experiment was transitions between various rotational energy levels in 

the vibrational ground state from the emission of photons in the microwave region of the 

electromagnetic spectrum. The characteristic frequencies these transitions take place at is what was 

focused on. The intensity of the spectral line occurring at these rest frequencies is directly proportional 

to the number of molecules in the energy level that transition corresponds to [1]. A Gaussian fit will be 

performed on the spectral profiles to determine the D/H ratio based on line intensities [2]. 



The frequency that a photon is either absorbed or emitted is related to energy levels according to the 

following equation [1]: 

 ∆E = hν   (6B) 

where h is plancks constant and ν is frequency.  

C. Methods: 

A 10 m Submillimeter radio telescope was tuned to specific rest frequencies of deuterium 

complexes to determine the D/H ratio in the circumstellar envelope of IRC+10216. A 1 mm receiver with 

dual polarization employing side band separating mixers was used. System temperatures range from 

200-500 K. Pointing and focus was done every hour on planets after 10 scans. Multiple scans were 

performed to reduce the S/N ratio and get a better read on the intensity of the rest frequency. A 

frequency shift of ± 10 𝑀𝐻𝑧 was done to insure there was no contamination from the other sideband. 

UNIPOPS was used to reduce the data.  

D. Resuts: 

 

Figure 1D: DCN (3-2) results (84 hours of scanning). 217.2385378 GHz, 
IF=6, source: IRC+10216. Sets of 10 scans followed by p or pffp on planet. 



 

Figure 2D: DNC (3-2) results (118 hours of scanning). 228.900481 GHz, 
IF=6, source: IRC+10216. Sets of 10 scans followed by p or pffp on planet. 

Calculations: 

DCN (217. 2385378 GHz) (sample calculation): 

 

Figure 3D: DCN (3-2) results (84 hours of scanning). 217.2385378 GHz, 
IF=6, source: IRC+10216. Sets of 10 scans followed by p or pffp on planet. Two peaks are labeled, the 

baseline on the bottom right and the right side of the “u” shaped transition. 4 numbers are listed; top 

left is channel number, bottom left is relative velocity (km/s), top right is intensity (K) and bottom 

right is relative frequency (MHz). 



 The intensity of a spectral line is proportional to the number of molecules in the energy level 

from which the transition originates [1]. The intensity of the spectral line is just the maximum intensity 

minus the minimum (baseline) intensity.  

(. 0097 − .0080)K =  .0017 K (right side of transition) 

(. 0100 − .0080)K =  .0020 K (left side of transition) 

Average DCN (217.2385378 GHz (3-2))= .00185 K 

Average DNC (228.900481 GHz (3-2))= .003 K 

HNC (271.9811 GHz (3-2)) [4]= 1.152 K 

D/H ratio for DNC/HNC= 2.604*10-3 

E. Discussion: 

The initial D/H ratio from the big bang could be as high as 50*10-6 (Francois [3]), clearly much 

smaller than the 2.604*10-3 found with respect to DNC/HNC in this experiment. The explanation for this 

is chemical reactions which have a higher reaction rate for deuterium then for hydrogen which leads to 

kinetic isotopic fractionation. Recall from earlier the exchange reaction of water and hydrogen; 

 HD + H2O
kf
kr

⇔ HDO + H2       (1B) 

where kf is the forward rate constant and kr is the reverse rate constant.  

Literature places the [H]/ [D] ratio in IRC +10216 > 1100 (Wannier, 1978 [5]), which agrees with our 

findings. The explanation for the increase in the [D]/ [H] ratio in IRC +10216 with respect to the universal 

[D]/ [H] ratio of 15*10-6 is still up for debate, but is believed to be due to isotopic fractionation under 

these circumstances. Isotopic fractionation is believed to only have significant effects if carried out at 

low temperatures (<50 K). At low temperatures the energy difference in the various vibrational ground 

states of the different isotope is very small and transitions can take place. As a result isotope 

fractionation has a larger affect in the extended envelope then near the parent star. We were observing 

molecules in the circumstellar envelope (T≈ 25 K) so isotopic fractionation is a contributing factor [6].  

The [D]/ [H] ratio discussed here is based on DNC/ HNC; 

H + DNC
kf

kr

⇔ HNC + D       (2B) 

 Both DNC and HNC exhibit what’s known as U shaped lines in spectra [4] (Figures 1D-3D), this 

allows for a simple calculation to find the line intensity and therefore the number of molecules in each 

transition. HCN on the other hand gives a Gaussian shaped line, while DCN gives a U shaped line. In 

order to compare their intensities and get a [D]/ [H] ratio, radiative transfer needs to be taken into 

account. In radiative transfer matter is treated as a blackbody [1], and as such is capable of emitting and 

absorbing electromagnetic radiation of all frequencies. Radiation from high temperature matter is 

absorbed by lower temperature matter, resulting in energy transfer between the two species. Take the 

following reaction into consideration to explain this in more detail; 



H + DCN
kf

kr

⇔ HNC + D       (3B) 

 In this reaction DCN is dominated by its isotopic counterpart, HCN, at higher temperatures (~ 

150 K) (Francois [3]) as radiative transfer begins to dominate. This same phenomena is believed to take 

place with H2O, D/H ratios in hot cores are systematically lower then water in cold molecular clouds. In 

the present research we’re concerned with IRC +10216, a star, but radiative transfer between molecules 

has the same temperature dependence. In future research finding more molecules to model with 

radiative transfer would be imperative, DNC/HNC is only a small sample size of the chemistry in IRC 

+10216. 
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