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dDepartment Chemie, Johannes Gutenberg-Universität Mainz, Duesbergweg 10–14, 55128 Mainz, Germany

Abstract

Quantifying molecular abundances of astrochemical species is a key step towards the understanding of
the chemistry occurring in the interstellar medium. This process requires a profound knowledge of the
molecular energy levels, including their structure resulting from weak interactions between nuclear spins
and the molecular rotation. With the aim of increasing the quality of spectral line catalogs for the singly-
and doubly-deuterated ammonia (NH2D and ND2H), we have revised their rotational spectra by observing
many hyperfine-resolved lines and more accurate high-frequency transitions. The measurements have been
performed in the submillimeter-wave region (265–1565 GHz) using a frequency modulation submillimeter
spectrometer and in the far-infrared domain (45–220 cm−1) with a synchrotron-based Fourier-transform
interferometer. The analysis of the new data, with the interpretation of the hyperfine structure supported
by state-of-the-art quantum-chemical calculations, led to an overall improvement of all spectroscopic pa-
rameters. Moreover, the effect of the inclusion of deuterium splittings in the analysis of astrophysical NH2D
emissions at millimeter wavelengths has been tested using recent observations of the starless core L1544,
an ideal astrophysical laboratory for the study of deuterated species. Our results show that accounting
for hyperfine interactions leads to a small but significant change in the physical parameters used to model
NH2D line emissions.

Keywords: Ammonia, Hyperfine structure, Rotational spectroscopy, Interstellar medium, Deuterium
fractionation, Starless core

1. Introduction1

The increasing sensitivity and spectral resolu-2

tion of modern radio-telescopes are stimulating a3

large number of laboratory studies that aim at sup-4

porting astronomical observations of molecules in5

the Interstellar Medium (ISM). On the one hand,6

these studies mostly exploit rotational spectroscopy7

techniques to characterize small- to medium-sized8

species, the reason being that rotational signatures9

can undoubtedly prove (and quantify) the presence10
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Melosso), cristina.puzzarini@unibo.it (Cristina
Puzzarini)

of a molecule in the ISM [1]. On the other hand,11

laboratory efforts on a particular molecular system12

can be motivated by several aspects. Among them,13

the search for pre-biotic species and molecules that14

are more generally related to the origin of life is15

still one of the hottest topics in astrochemistry16

[2, 3, 4], although any attempt to detect amino17

acids in the gas-phase has so far remained unsuc-18

cessful [5, 6]. However, being evident that the ISM19

exhibits a complex chemistry, the characterization20

of new Complex Organic Molecules (COMs, i.e.21

species containing at least six atoms and composed22

of carbon, hydrogen, oxygen and/or nitrogen) is the23

main theme of joint laboratory-observational stud-24

ies [7, 8, 9, 10]. Moreover, the new detections of25
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ions [11], radicals [12], carbon-chains [13, 14], and26

rings [15] –including aromatic ones [16]– open new27

perspectives for an even richer molecular complex-28

ity.29

All these aspects contribute to our understand-30

ing of the interstellar chemistry and are useful to31

probe excitation mechanisms and kinematics, as32

well as to trace the evolutionary stage of astronom-33

ical objects [17, 18] and their chemical differentia-34

tion [19, 20, 21]. However, the evaluation of molec-35

ular abundances, which are in turn the building-36

blocks of astrochemical models, is a crucial point37

that requires a deep knowledge of the molecule38

under investigation: this can include information39

about vibrational excited states [22, 23], a correct40

computation of partition function values [24], or the41

effect of nuclear electric and magnetic interactions42

giving raise to the so-called hyperfine structures43

(HFS).44

Recently, the importance of such effects in the45

analysis of singly-deuterated ammonia (NH2D) line46

emission towards the starless core H-MM1 has47

been pointed out [25, 26] and, subsequently, ad-48

dressed in our laboratory in Bologna [27]. In49

the context of a broader investigation of the rota-50

tional spectra of ammonia isotopologues, we have51

extended the centrifugal analysis of NH2D and52

ND2H at higher frequencies and measured ad-53

ditional hyperfine-resolved transitions, especially54

those of astronomical interest. The new measure-55

ments have been combined with literature data to56

obtain the best set of spectroscopic constants for57

both singly- and doubly-deuterated ammonia, in58

order to generate accurate line catalogs. Then, the59

effect of including deuterium hyperfine interactions60

on the analysis of astrophysical NH2D emissions at61

millimeter wavelengths has been tested using re-62

cent observations of the low-mass star-forming core63

L1544.64

The paper is organized as follows. First, the spec-65

tral features of the rotation-inversion spectrum of66

ND2H compared to that of NH2D (Section 2) are67

presented. Then, the submillimeter spectrometer68

and the synchrotron-based Fourier transform inter-69

ferometer used for the measurements are described70

(Section 3). In Section 4, the results of our spectral71

analysis are given and applied to NH2D line emis-72

sions towards the starless core L1544. Finally, our73

findings are summarized in Section 5.74

2. Theory75

The main features of the rotational spectrum of76

NH2D have been exhaustively described in Melosso77

et al. ([27], hereafter Paper I). The spectroscopic78

behavior of ND2H is quite similar to that of NH2D;79

therefore, we only briefly recall the key aspects and80

highlight the major differences.81

Doubly-deuterated ammonia is an asymmetric-82

top rotor with a double-minima potential energy83

surface. The tunneling between the two equivalent84

configurations splits each JKa, Kc rotational level85

into two sub-levels, one symmetric (s) and one anti-86

symmetric (a) with respect to inversion. As in the87

case of NH2D, the inversion motion of ND2H oc-88

curs along the c-axis; however, the a- and b-axes are89

reversed. Hence, the spectrum of ND2H is charac-90

terized by weak b-type transitions within each sub-91

state and stronger c-type transitions connecting the92

two inversion states [28].93

All nuclei present in the molecule having nonzero94

nuclear spins contribute to the hyperfine structure95

of the rotational spectrum of ND2H. The HFS96

is dominated by the nuclear quadrupole coupling97

(NQC) of nitrogen, but spin-rotation (SR) interac-98

tions as well as NQC effects due to the deuterium99

nuclei have an appreciable impact on it. Moreover,100

the presence of two equivalent D nuclei leads to the101

existence of ortho and para species, and the total102

nuclear spin ID,tot = ID1 + ID2 must be taken into103

account. The ortho species corresponds to ID,tot104

= 0 or 2, whereas the para form is characterized105

by ID,tot = 1. This results in an ortho:para spin-106

statistical weight ratio of 2:1. Since the two equiv-107

alent particles are bosons, the Bose-Einstein statis-108

tics holds. Given that the total wavefunction has109

to be symmetric with the respect to the exchange110

of the two D nuclei, the ortho form has rotation-111

inversion states of the type (s, ee), (s, oo), (a, eo),112

and (a, oe), while the para species possesses (s, eo),113

(s, oe), (a, ee), and (a, oo) states.114

While the Hamiltonian used in the present anal-
ysis is identical to the one described in Paper I,
the angular momentum coupling scheme adopted
for the labelling of energy levels is slightly differ-
ent:

F1 = J + IN ,

F2 = F1 + ID,tot ,

F = F2 + IH ,

(1)

because of the presence of the two identical deu-115

terium nuclei and only one hydrogen.116
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Figure 1: Portion of the FIR spectrum of ND2H (black trace). The red bars indicate the position and intensity of some c-type
R branch transitions, as predicted using the spectroscopic constants determined in this work. The remaining spectral lines

belong to ND3 or to other by-products of the discharge. The intensity on the y-axis is expressed in arbitrary units.

3. Experiment117

Rotational transitions of singly- and doubly-118

deuterated ammonia were recorded in the range119

265–1565 GHz with a frequency-modulation sub-120

millimeter spectrometer [29]. The radiation source121

of the spectrometer is constituted by a series of122

Gunn diodes emitting between 80 and 134 GHz,123

which can be coupled with passive frequency multi-124

pliers (doublers and triplers). Terahertz frequencies125

are obtained by connecting two triplers in cascade126

guided by Gunn diodes working in the F band (115–127

134 GHz) [30, 31]. However, the twelfth harmonic128

of their radiation remains detectable with a power129

around few tens of µW, thus enabling to reach fre-130

quencies up to 1.6 THz. The radiation source is131

phase-locked to a harmonic of a centimeter-wave132

synthesizer (2–18 GHz), frequency modulated at133

f = 1 − 48 kHz, and referenced to a 5 MHz ru-134

bidium atomic clock. The measurements were per-135

formed in a 3 m long glass absorption cell with136

the optical elements of the spectrometer arranged137

to perform, whenever possible, Lamb-dip measure-138

ments (for further details about the set-up, see Pa-139

per I as well as Refs. [32, 33, 34]). The output140

radiation was then detected by a liquid helium-141

cooled InSb bolometer and sent to a lock-in am-142

plifier, set at twice the modulation frequency (2f143

detection scheme). Here, the sample of NH2D was144

produced using the same methodology employed in145

Paper I (a small flow of NH3 in a cell where D2146

had been previously discharged), whereas a good147

yield of ND2H was obtained by flowing simply ND3148

into the absorption cell.149

Additional transitions in the range 45–220 cm−1150

were observed at the SOLEIL synchrotron using151

a Bruker IFS125HR FTIR interferometer, whose152

source is the bright synchrotron radiation ex-153

tracted by the AILES beamline. The far-infrared154

(FIR) spectrum was recorded at a resolution of155

0.001 cm−1, using the same set-up described in de-156

tail in Refs. [35, 36], during a measurement cam-157

paign of the ND2 radical. Although the experimen-158

tal conditions were not optimized to form deuter-159

ated isotopologues of ammonia, the use of ND3 as160

precursor in a radio-frequency discharge produced161

strong –but not saturating– lines of ND2H in the162

spectrum, as can be seen in Figure 1. Conversely,163

NH2D seems to be much less abundant and only164

a few absorption lines were detected; therefore, its165

FIR spectrum could not be analyzed.166
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quadrupole coupling constants, the discrepancy be-209

tween experimental and computed values is below210

20 kHz for parameters as small as those encountered211

in this work. Moving to nuclear spin-rotation con-212

stants, discrepancies usually range from hundredths213

of kHz to a few kHz.214

Table 1: Computed nuclear quadrupole, spin-rotation, and
dipolar spin-spin coupling constants of ND2H.

Constant Atom Unit ND2H

χaa (N) MHz -2.048

χcc (N) MHz -3.842

Caa (N) kHz 5.229

Cbb (N) kHz 3.756

Ccc (N) kHz 4.000

χaa (D) MHz 0.135

χcc (D) MHz -0.124

Caa (D) kHz -1.228

Cbb (D) kHz -1.888

Ccc (D) kHz -1.860

Caa (H) kHz -23.595

Cbb (H) kHz -5.058

Ccc (H) kHz -9.115

Dbb (N-D) kHz 0.19

Dcc (N-D) kHz 0.98

Dbb (N-H) kHz -8.62

Dcc (N-H) kHz 0.66

Dbb (H-D) kHz -4.89

Dcc (H-D) kHz 3.82

Dbb (D-D) kHz 0.65

Dcc (D-D) kHz 0.65

Notes: The nuclear quadrupole (χii) and dipolar
spin-spin coupling (Dii) tensors have zero trace;

therefore, only two of the three diagonal
components are given.

For the first time, the complex hyperfine215

structure caused by the nitrogen and deuterium216

quadrupole couplings has been revealed in some low217

J transitions of ND2H. As an example, Figure 2218

shows the Lamb-dip spectrum of the fundamen-219

tal c-type rotation-inversion transition JKa, Kc
=220

1
(s)
1, 0−0

(a)
0, 0 of the para species. The main panel illus-221

trates the three F1 components (∆F1 = 0,±1) and222

two ghost transitions1 (marked with a red G) oc-223

curring in between, while the magnified boxes high-224

light the deuterium HF splittings corresponding to225

different F ′2 − F2 components. A similar resolution226

has been obtained also for the JKa, Kc
= 1

(a)
1, 0−0

(s)
0, 0227

transition of o-ND2H.228

Additional measurements of NH2D and ND2H229

were performed with three main aims: (i) to re-230

solve the HFS as much as possible for those tran-231

sitions which can be used in astronomical observa-232

tions (typically involving low-energy levels), (ii) to233

exploit the Lamb-dip technique at THz frequencies234

in order to achieve an accuracy of about 10 ppb235

on the line position, and (iii) to revise the submm236

and FIR spectra at higher resolution. In partic-237

ular, we have observed about one hundred transi-238

tions of NH2D and ND2H in the mm/submm re-239

gion, half of which show the HFS at least partially240

resolved. For ND2H only, we also detected and an-241

alyzed more than 700 distinct FIR transitions in-242

volving rotation-inversion levels with J up to 18.243

The newly measured data were collected together244

with all pure-rotational literature data [51, 52, 53,245

54, 55, 28, 27] and processed into a combined anal-246

ysis. A least-squares procedure was performed247

with the SPFIT subroutine of the CALPGM program248

suite [56], where each datum is weighted propor-249

tionally to the inverse square of its uncertainty.250

The error associated to our line positions is in the251

range 2–100 kHz for mm/submm transitions and252

5 × 10−5 cm−1 for FIR lines, while literature data253

were used with their declared uncertainty. Unre-254

solved lines were incorporated in the fit as intensity-255

weighted average of the individual components in-256

volved in the blended feature, as implemented in257

SPFIT.258

The fit results for NH2D and ND2H have sim-259

ilar quality, despite the different number of avail-260

able data. The overall fit standard deviation (σ) is261

close to 1 in both cases and the root-mean-square262

(rms) error is below 100 kHz for mm/submm data263

and around 0.0002 cm−1 for the FIR transitions.264

These values indicate that the modeling of both265

species is satisfactory and can be used to generate266

spectral predictions in a wide range of frequencies267

1Ghost transitions, also denoted as crossover resonances,
are due to the saturation of overlapping Gaussian profiles of
two transitions sharing a common energy level. They occur
at the arithmetic mean frequency of the overlapping transi-
tions.
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with a low uncertainty. The derived rotational and268

centrifugal distortion constants, Coriolis interaction269

terms, and HFS parameters are given in Tables 2–270

4. All parameters have been improved, with respect271

to previous studies, by up to one order of magni-272

tude. Moreover, the ND2H quadrupole coupling273

constant χcc(D) has been determined for the first274

time and allows the simulation of the deuterium275

HFS. Its derived value, -0.121(4), agrees very well276

with the computed counterpart, -0.124. Instead,277

the hydrogen HFS could not be resolved in the lab-278

oratory spectra, thus preventing the experimental279

determination of the hydrogen spin-rotation con-280

stants. Simulations based on the calculated param-281

eters showed that the hydrogen HFS is so small that282

it does not affect the spectral linewidths.283

The SPFIT input files (.PAR and .LIN) as well as284

a re-formatted version of the .FIT output file are285

provided for both species as Supplementary Mate-286

rial.287

4.2. Line catalogs for astronomical purposes288

In order to produce meaningful line lists that can289

be used for astronomical observations of NH2D and290

ND2H, the new sets of spectroscopic constants must291

be combined with accurate estimates of the rota-292

tional partition function (Qrot) and dipole moment293

components. The latter were evaluated in Refs. [54]294

and [28] and are: µa = −0.185 D and µc = 1.46 D295

for NH2D and µb = 0.21 D and µc = 1.47 D for296

ND2H.297

The rotational partition functions, instead, have298

been calculated numerically using the SPCAT sub-299

routine of the CALPGM suite [56]. The temperature300

dependence ofQrot was computed separately for the301

ortho and para species at three different “resolu-302

tions”: (i) without the inclusion of any HFS, (ii)303

considering only the contribution of nitrogen, and304

(iii) including the effects of both N and D nuclei.305

These distinctions have been made in order to sup-306

port the analysis of interstellar deuterated ammonia307

at different spectral resolution. Moreover, at the308

low temperatures of cold molecular clouds (5–10 K),309

the ortho and para species must be treated as sepa-310

rate species. The rotational partition function val-311

ues computed at temperatures between 2.725 and312

300 K are provided as Supplementary Material.313

4.3. Application to L1544 starless core spectrum314

To test the effect of the inclusion of D hyper-315

fine structure in the analysis of astrophysical NH2D316

Table 2: Ground-state rotational and centrifugal distortion
constants up to the sixth power of the angular momentum.

Constant(a) Unit NH2D ND2H

∆E MHz 12169.466(1) 5118.8865(8)

A MHz 290074.6(2) 223187.715(1)

∆A MHz -46.9120(8) -16.1290(6)

B MHz 192176.4768(8) 160214.998(4)

∆B MHz -17.34(2) -5.3284(4)

C MHz 140810.2(2) 112520.741(4)

∆C MHz 11.2003(1) 4.0868(4)

DJ MHz 15.7199(1) 3.5183(2)

∆DJ MHz -0.09412(4) -0.000896(5)

DJK MHz -23.7516(2) -2.9356(9)

∆DJK MHz 0.19484(9) -0.01008(3)

DK MHz 10.8484(3) 19.2808(7)

∆DK MHz -0.10982(6) -0.04472(5)

d1 MHz 4.14089(8) -1.2318(2)

∆d1 MHz -0.04166(4) 0.000795(4)

d2 MHz 0.13787(4) -0.28029(7)

∆d2 MHz 0.00567(3) 0.001787(2)

HJ kHz 3.537(3) 0.3353(9)

∆HJ kHz -0.1940(5) 0.00160(5)

HJK kHz -8.422(4) -1.21(1)

∆HJK kHz 0.4048(8) -0.0055(2)

HKJ kHz 8.776(7) 2.16(4)

∆HKJ kHz -0.3824(9) -0.049(1)

HK kHz -3.705(8) 4.75(3)

∆HK kHz 0.1762(4) -0.089(1)

h1 kHz -1.832(3) 0.247(1)

∆h1 kHz 0.1097(6) -0.00060(3)

h2 kHz 0.445(2) 0.0382(5)

∆h2 kHz -0.0146(6) -0.00160(2)

h3 kHz -0.0403(5) 0.0225(2)

∆h3 Hz -0.0086(3) -0.00097(1)

Notes: Numbers in parentheses are standard errors
and apply to the last significant digits. (a) For a given

parameter X, ∆X = (X(a) −X(s))/2.

emissions at millimeter wavelengths, we have used317

recent observations of the starless core L1544, a318

low-mass star-forming core in a very early stage of319

evolution. This source is a prototypical cold, quies-320

cent core on the verge of the gravitational collapse,321

which exhibits very narrow line emissions due its322

low central temperature, subsonic contraction mo-323

tion, and low turbulence [57, 58]. It also shows324

a high degree of deuteration [e.g., Ref. 59]) which325

6



0

1

2

T
∗ A

/
K

o-NH2D, JKa,Kc = 1+
11 − 1−01

0.0

0.5

1.0

1.5
p-NH2D, JKa,Kc = 1−11 − 1+

01

0 5 10 15
vLSR / km s−1

-0.2
0.0
0.2

0 5 10 15
vLSR / km s−1

−0.1
0.0
0.1

Figure 3: Spectra of the NH2D transitions observed towards L1544. (Top left panel): JKa,Kc = 1
(s)
1, 1 − 1

(a)
0, 1 ortho line at

85926.3 MHz. (Top right panel): JKa,Kc = 1
(a)
1, 1 − 1

(s)
0, 1 para line at 110153.6 MHz. The dotted green trace plots the model

computed considering the full HFS (N+D). The solid red trace plots the model computed with the N quadrupole only.
(Bottom panels): Residuals of both models, plotted using the same colour legend.

makes it an ideal astrophysical laboratory to ob-326

serve D-containing molecules and to reveal subtle327

spectral effects due to the contribution of the deu-328

terium quadrupole splittings.329

The astronomical data used here were collected330

using the IRAM 30m telescope (Pico Veleta, Spain)331

in the past few years by some members of our team.332

They were observed as part of the projects 008-333

12, 013-13 (PI S. Spezzano) and 150-11, 127-12334

(PI L. Bizzocchi). The observing runs were per-335

formed in several sessions from May 2012 to Oc-336

tober 2013. The frequency intervals of interest337

have been extracted from the output of the wide-338

band FTS spectrometer which was connected to the339

3 mm band of the EMIR heterodyne receiver. The340

o-NH2D lines at 85926.3 MHz and the ones of p-341

NH2D at 110153.6 MHz were observed in the lower-342

outer (LO) and upper-inner (UI) sub-band, respec-343

tively. A detailed description of the observation344

strategy and the data reduction can be found else-345

where [60, 61, 62].346

The resulting spectra are shown in the two panels347

of Figure 3, plotted as black histograms. Note that348

the x-axis is labelled in radial equivalent velocity349

using the rest frequency of the corresponding un-350

splitted lines as reference. The solid red lines plot351

the best fit model computed using the full HFS (in-352

cluding D). The fitting was performed using a cus-353

tom Python3 code described in Ref. [12]. The free354

parameters of the optimisation are the column den-355

sity (N), the excitation temperature (Tex), the sys-356

temic velocity (vLSR) and the line full-width-half-357

maximum (FWHM), while the total opacity of the358

transition (τ) is regarded as a derived quantity.359

Table 5 collects the fit results of two different360

analyses obtained by taking into account the nitro-361

gen quadrupole coupling only (column labelled by362

N) or the full hyperfine structure including the deu-363

terium effects (N+D). While the two models would364

be virtually indistinguishable by visual inspection,365

small but significant differences are highlighted by366

the fit results. Apart from a 30-40% reduction of367

the residual rms, the proper treatment of the hy-368

perfine effects entails a reduction of the derived line369

FWHM of about 12%. This change is reflected by370

the values of the related parameter N and Tex, and371

of the derived quantity τ . For the less opaque emis-372

sion (p-NH2D), the column density and the exci-373

tation temperature readjust, while τ remains sub-374

stantially unchanged. For the thicker o-NH2D line,375

the Tex is unaffected and the deviation is mainly376

observed by a relevant change of τ .377

5. Conclusions378

The rotational spectra of singly- and doubly-379

deuterated ammonia have been thoroughly re-380

investigated at higher resolution. By means of the381

Lamb-dip technique at submillimeter wavelengths382

and with the use of synchrotron radiation in the383

FIR region, a large number of transitions have been384

measured with high accuracy. For some of them,385

the nitrogen and deuterium hyperfine structure due386

to electric and magnetic interactions has been un-387

veiled, thus allowing the precise determination of388

7



Table 3: Higher-order centrifugal distortion constants and
Coriolis interaction parameters.

Constant(a) Unit NH2D ND2H

LJ Hz -1.14(2)

∆LJ mHz 181.(2) -3.7(1)

LJJK Hz 3.27(2) -0.123(5)

∆LJJK Hz -0.468(5)

LJK Hz -5.63(7) -0.50(4)

∆LJK Hz 0.711(8)

LKKJ Hz 5.1(1) 1.4(1)

∆LKKJ Hz -0.729(6) 0.30(1)

LK Hz -2.1(1) -3.60(6)

∆LK Hz 0.306(2) -0.026(6)

l1 Hz 0.80(2) 0.080(3)

∆l1 mHz -22.(2) 0.38(5)

l2 Hz -0.30(1) -0.0185(3)

∆l2 mHz -152.(6) 1.98(6)

l3 mHz 18.(3) -4.7(2)

∆l3 mHz 112.(5) 0.14(5)

l4 mHz -1.55(6)

∆l4 mHz -22.(1) 0.48(1)

MKKJ mHz 1.35(3)

MK mHz 1.3(3) 1.35(3)

Fij MHz -5097.(3) 3129.49(4)

F J
ij MHz 0.812(3)

FK
ij MHz -9.00(2)

F JJ
ij kHz -1.49(2)

F JK
ij kHz 4.4(1)

FKK
ij kHz 9.8(4)

F JJJ
ij Hz -1.22(4)

Notes: Numbers in parentheses are standard errors
and apply to the last significant digits. (a) For a given
parameter X, ∆X = (X(a) −X(s))/2. Fij corresponds

to Fab and Fbc for NH2D and ND2H, respectively.

nuclear quadrupole coupling and spin-rotation con-389

stants. Moreover, all the values of rotational and390

centrifugal distortion parameters could be refined391

thanks to the analysis of an extended dataset.392

The new set of spectroscopic constants has been393

then used to evaluate the impact of the deuterium394

HFS on the analysis of astrophysical NH2D lines395

towards L1544. The narrow line emissions of this396

pre-stellar core made it possible to detect small but397

significant differences in the physical parameters de-398

termined when both nitrogen and deuterium hyper-399

fine interactions are taken into account. In addition400

Table 4: Nitrogen and deuterium hyperfine constants (only
the parameters used in the analyses are listed).

Constant Atom Unit NH2D ND2H

χaa (N) MHz 1.909(3) -2.038(8)

χcc (N) MHz -3.948(1) -3.852(2)

Caa (N) kHz 6.1(8) 5.229

Cbb (N) kHz 3.8(7) 3.756

Ccc (N) kHz 5.1(2) 4.000

χaa (D) MHz 0.225(5) 0.132

χcc (D) MHz -0.135(1) -0.121(4)

Caa (D) kHz -0.125 -1.228

Cbb (D) kHz -3.154 -1.888

Ccc (D) kHz -2.27(9) -1.860

Notes: Numbers within parentheses are the standard
errors and apply to the last significant digits.

Non-determinable parameters (values given without
error) have been kept fixed at the corresponding

computed values (see Table 1).

to the improvement of the fit results in term of rms401

residual, the observed reduction of the line FWHM402

produces a change in the determination of the col-403

umn density of ortho- and para-NH2D of about 5–404

20 %. This observation demonstrates the impor-405

tance of modelling all the effects that can contribute406

to the determination of molecular abundances for407

interstellar species.408

6. Supplementary Material Available409

The file “partition-function-values.pdf” contains410

the rotational partition function values computed411

at temperatures between 2.725 and 300 K for412

the ortho and para species of ND2H and NH2D.413

The files “nh2d.lin”, “nh2d.par”, “nd2h.lin”, and414

“nd2h.par” are the SPFIT input files used in our415

analysis. The files “nh2d reformatted.out” and416

“nd2h reformatted.out” are a reformatted version417

of the SPFIT output files.418
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quantity. b Root-mean-square of the residuals computed on lines.
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