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The present article describes the synthesis of Schiff base-acetylene functionalized organosilatranes (6a-6e) and
their characterization by 'H and '3C NMR spectroscopy and ESI-QTOF mass spectrometry. The UV-visible study
of the organosilatrane 6a unveiled their high selectivity towards the recognition of Zn?" and Co" ions without
exhibiting any significant interference from other competitive metal ions. The calculated value of association
constant with 6a for Zn?>* and Co®" ions was 0.11 x 10° M~! and 0.24 x 10° M~! and the limit of detection was

0.28 x 10°® M and 0.82 x 10~® M respectively. Furthermore, DFT calculations were performed to get an insight
into the interacting behaviour of sensor 6a towards Zn®>" and Co?* ions.

1. Introduction

In recent years, the development of chemosensors for the identifi-
cation of metal ions attains great attention in the research field because
metal ions performs significant roles in the functioning of living or-
ganisms and plants [1]. They have been extensively used in energy
storage devices, pharmaceuticals, paper, water, textiles and food in-
dustries [2]. However, the altered level of these metal ions is extremely
harmful to human health and the environment [3].

Among various metal ions, Zn?>* and Co®* ions are necessary vital
elements for human beings. In humans, Zn?* is the second most abun-
dant transition metal ion and it helps in several physiological processes
such as gene transcription, protein sequencing and regulation of met-
alloenzymes [4,5]. The surplus of Zn>" ions causes several neurode-
generative diseases like Alzheimer’s, Parkinson’s, epilepsy,
hypoxia—-ischemia, arteriosclerosis and damage the pancreas while its
deficiency causes stomach cramps, diabetes, skin diseases and infantile
diarrhea [6,7]. It also performs important physiological functions in
plants as it is the major component of different cofactors that regulate
the enzyme activity [8,9]. The Zn?* metal ions are widely employed in
the industry in the protection process of steel and iron and for the
manufacturing of batteries [10,11]. On the other hand, the Co?* metal

ion is one of the essential metal ion in animals, plants, soils and rocks. It
is the major component of vitamin B12 that helps in the iron meta-
bolism, DNA synthesis, support formation of myelin and RBCs (Red
Blood Cells) [12,13]. The excess of Co*" ions in the body causes several
health issues like cardiomyopathy, cardiac failure, asthma, thyroid
damage and diminished pulmonary function while its deficiency causes
pernicious anemia [14]. Apart from their biological imporance, it is also
used to accelerate the Oo/Hy production in electrodes, sulphate-radical
induced destruction of contaminants and improve the electrochromic
properties of tungsten oxide nanowires [15-17]. So, the detection of
Zn?" and Co?* ions is necessary in every field. A number of methods
(atomic absorption/emission spectroscopy, electrochemical methods
and inductively coupled plasma) have been used for their detection

but optical methods are preferred over these sophisticated instru-
mentation techniques because of their simplicity, excellent selectivity
and high detection accuracy [18].

Organosilatranes are trigonal bipyramidal silicon molecules having
three five-membered rings and a transannular dative bond between ni-
trogen and a silicon atom. Generally, they are represented as. Nowadays,
they are attaining great attention because of their peculiar stereo-
electronic and molecular structure which is responsible for their unique
behaviour [19]. They have been popularly used in the field of sensing,
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Scheme 1. Schematic representation and reaction condition for the synthesis of Schiff base-acetylene functionalized organosilatranes (6a—6e): toluene, 60 °C, 6

h reflux.

nanoscience, biology and coating purposes [20-23]. Schiff base are
represented by RjR;C = NR’(R’#H) and show their widespread appli-
cations in various fields like nanoscience, biology, sensing, agriculture
and material chemistry [24-27]. Further, the Schiff base linked acety-
lene moiety enhances their sensing capability and biological utility
[28,29].

With an aspiration, we have synthesized the organosilatanes that
contain biologically and materially important Schiff base and acetylene
moiety into a single framework. The photophysical properties of the
organosilatrane 6a were examined by employing UV-visible spectros-
copy towards the identification of Zn?* and Co®" ions over other metal
ions.

2. Experimental section
2.1. Material and equipments
Propargyl bromide (80% in toluene) (Avra), substituted Hydrox-

ybenzaldehyde (ortho and para) (Avra), Potassium carbonate (Avra),
Potassium hydroxide (Avra), Aminopropyltrimethoxysilane (Aldrich),

Triethanolamine (Aldrich), dry toluene (Merck) and N, N’-dime-
thylformamide (DMF) (Merck) were used as received. Inorganic chloride
salts of sodium, cobalt, barium, nickel, zinc, magnesium, silver, potas-
sium, rubidium, cadmium, calcium, aluminium and cesium were bought
from S.D. fine Chem. Ltd., India. Acetylene functionalized benzaldehyde
and y-aminopropylorganosilatrane was synthesized by known proced-
ures from literature [30,20]. The Schlenk line was used to create No
atmosphere for addition purposes. The H (400 MHz) and '3C (126 MHz)
NMR spectra were recorded on the BRUKER AVANCE II spectropho-
tometer using CDCls as an internal reference, and chemical shifts (8)
were reported relative to tetramethylsilane. The coupling constant (J)
values are reported in Hz. The following abbreviations are used in NMR:
s = singlet, d = doublet, t = triplet, ¢ = quartet, p = pentet, m =
multiplet. Mass spectral measurements were recorded with XEVO-G2-XS
QTOF mass spectrometer. The UV-visible spectral measurements were
carried out on the JASCO V-530 UV-visible spectrophotometer.
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Fig. 1. UV-visible spectra of compoound 6a in the presence of different metal ions in acetonitrile solution.

Fig. 2. The picture of compoound 6a upon addition of different metal ions in acetonitrile solution.

2.2. Synthesis and characterization

2.2.1. General procedure for the synthesis of Schiff base-acetylene
functionalized organosilatanes (6a—6e)

To a flame-dried 50 mL two-neck round bottom flask, the acetylene
benzaldehyde (2a-2e) (1 equiv) and y-aminopropylorganosilatrane (1
equiv) were added into 20 mL toluene under a dry N, atmosphere. Then
the reaction mixture was refluxed for 6 h at 60 °C. After refluxing, the
solvent was removed under reduced pressure using a vacuum pump
resulting in semi-solid organosilatranes (6a-6c).

2.2.1.1. Synthesis of (Z)-3-(2,8,9-trioxa-5aza-1sila-bicyclo[3.3.3]unde-
can-1yD-N-(4-(prop-2-ynyloxy) benzylidene)propan-lamine (6a). The
quantities used were as: 5 (0.10 g, 0.43 mmol), 2a (0.07 g, 0.43 mmol).
Yellow semi-solid, Yield: 96%. 'H NMR (500 MHz, Chloroform-d) &:
8.15(s, 1H, CH = N), 7.64 (d, J = 8.5 Hz, 2H, Ar-H), 6.94 (d, J = 8.8 Hz,
2H, Ar-H), 4.69 (d, J = 2.5 Hz, 2H, -OCH,), 3.72 (t, J = 5.8 Hz, 6H,
NCH,CH,081), 3.55 (t, J = 7.2 Hz, 2H, CH = NCH,), 2.76 (t, J = 5.8 Hz,
6H, NCH,;CH,0Si), 2.52 (t, J = 2.4 Hz, 1H, C=C-H), 1.78-1.74 (p, J =
7.5 Hz, 2H, -CCH,C-), 0.40 (t, J = 8.5 Hz, 2H, -SiCH,-). 1°C NMR (126
MHz, Chloroform-d) 8: 159.60-159.11 (CH = N), 130.46-114.77 (Ar-C),

78.29 (C=C-H), 75.77 (C=C-H), 65.13 (CH = NCH,), 59.57-57.02
(NCH2CH,0Si), 55.82 (OCHy), 51.11 (NCH,CH,0Si), 26.59 (CCHC),
13.81 (SiCH,). ESI-TOF-MS (m/z) Calcd. for C1oHagN204Si: 375.51 [M
+ H], Found 375.18.

2.2.1.2. Synthesis of (Z)-3-(2,8,9-trioxa-5aza-1sila-bicyclo[3.3.3]unde-
can-1yl)-N-(3-methoxy —4-(prop-2-ynyloxy) benzylidene)propan-1amine
(6b). The quantities used were as: 5 (0.10 g, 0.43 mmol), 2b (0.08 g,
0.43 mmol). Yellow semi-solid, Yield: 92%. 14 NMR (500 MHz, Chlo-
roform-d) &: 8.13 (s, 1H, CH = N), 7.41-6.99 (m, 3H, Ar-H), 4.76 (d, J =
2.4 Hz, 2H, OCH,), 3.89 (s, 3H, OCH3), 3.73 (d, J = 5.8 Hz, 6H,
NCH3CH,0Si), 3.57 - 3.53 (t, J = 7.2 Hz, 2H, CH = NCHy), 2.76 (t, J =
5.8 Hz, 6H, NCH,CH,081), 2.50 (t, J = 2.4 Hz, 1H, C=C-H), 1.78-1.75
(p, J =7.5Hz, 2H, -CCH,C-), 0.41 (t, J = 8.6 Hz, 2H, -SiCH>-). 13C NMR
(126 MHz, Chloroform-d) &: 159.85 (CH = N), 149.78-109.32 (Ar-C),
78.27 (C=C-H), 76.16-76.04 (C=C-H), 65.09 (CH = NCHy), 57.78
(OCH3), 56.64-56.04 (NCH;CH,0Si), 55.95 (OCH,), 51.09
(NCH,CH30Si), 26.58-21.44 (CCH>C), 13.82 (SiCHj3). ESI-TOF-MS (m/
z) Caled. for CooHagN20sSi: 405.53 [M + H], Found 405.18.
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Fig. 3. Bar graph representation of interference study of compounds 6a in the
presence of different competitive metal ions.

2.2.1.3. Synthesis of (Z)-3-(2,8,9-trioxa-5aza-1sila-bicyclo[3.3.3]unde-
can-1yl)-N-(3-ethoxy-4-(prop-2-ynyloxy) benzylidene)propan-1amine
(6¢). The quantities used were as: 5 (0.10 g, 0.43 mmol), 2¢ (0.09 g,
0.43 mmol). Yellow semi-solid, Yield: 91%. H NMR (500 MHz, Chlo-
roform-d) &: 8.12 (s, 1H, CH = N), 7.39-7.01 (m, 3H, Ar-H), 4.76 (d, J =
2.4 Hz, 2H, OCHy), 4.12 (q, J = 7.0 Hz, 2H, OCH2CH3), 3.73 (t,J = 5.8
Hz, 6H, NCH,CH,0Si), 3.54 (t, J = 7.2 Hz, 2H, CH = NCHy), 2.76 (t, J =
5.8 Hz, 6H, NCH,CH,0Si), 2.49 (t, J = 2.4 Hz, 1H, C=C-H), 1.79-1.73
(m, 2H, -CCH,C-), 1.43 (t, J = 7.0 Hz, 3H, OCH,CH3), 0.39 (t, J = 8.3
Hz, 2H, -SiCHy-). 13C NMR (126 MHz, Chloroform-d) &: 159.91 (CH =
N), 149.28-110.85 (Ar-C), 78.53 (C=C-H), 75.93 (C=C-H), 65.13 (CH
= NCHy), 64.42 (OCHyCH3), 59.52-56.95 (NCH3;CH;0Si), 56.84
(OCHjy), 51.13 (NCH3CH50Si), 26.60 (CCH3C), 14.81 (CH3), 13.83
(SiCHz). ESI-TOF-MS (m/z) Calcd. for C21H30N205Sil 419.56 [M + H],
Found 419.20.

2.2.1.4. Synthesis of (Z)-3-(2,8,9-trioxa-5aza-1sila-bicyclo[3.3.3]unde-
can-1yD)-N-(2-(prop-2-ynyloxy) benzylidene)propan-1amine (6d). The
quantities used were as: 5 (0.10 g, 0.43 mmol), 2d (0.07 g, 0.43 mmol).
Brown semi-solid, Yield: 86%. 'H NMR (500 MHz, Chloroform-d) 5: 8.64
(s, 1H, CH = N), 7.93-6.97 (m, 4H, Ar-H), 4.71 (d, J = 2.4 Hz, 2H,
OCHy), 3.71 (t, J = 5.8 Hz, 6H, NCH;CH,0Si), 2.74 (t, J = 5.8 Hz, 6H,
NCH,CH,0Si), 2.55 (t, J = 4.5 Hz, 2H, CH = NCH)), 2.52 (t, J = 2.4 Hz,
1H, C=C-H), 1.80-1.73 (m, 2H, -CCH,C-), 0.41 (t, J = 8.3 Hz, 2H,
-SiCHjy-). 13¢ NMR (126 MHz, Chloroform-d) 6: 156.67-156.10 (CH =
N), 131.13-112.76 (Ar-C), 78.44 (C=C-H), 75.33 (C=C-H), 65.57 (CH
= NCHjy), 59.37-57.00 (NCH,CH,0Si), 56.39 (OCHj), 51.07
(NCH2CH0Si), 26.68 (CCH3C), 13.86 (SiCH;). ESI-TOF-MS (m/z)
Calcd. for C1gHgN204Si: 375.51 [M + H], Found 375.17.
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2.2.1.5. Synthesis of (Z)-3-(2,8,9-trioxa-5aza-1sila-bicyclo[3.3.3]unde-
can-1yD-N-(3-methoxy —2-(prop-2-ynyloxy) benzylidene)propan-1amine
(6e). The quantities used were as: 5 (0.10 g, 0.43 mmol), 2e (0.08 g,
0.43 mmol). Pale yellow semi-solid, Yield: 87%. 'H NMR (500 MHz,
Chloroform-d) &: 8.68 (s, 1H, CH = N), 7.56—6.89 (m, 3H, Ar-H), 4.72 (d,
J = 2.4 Hz, 2H, OCHj), 3.83 (s, 3H, OCH3), 3.71 (t, J = 5.8 Hz, 6H,
NCH,CH,081), 2.74 (t, J = 5.8 Hz, 6H, NCH,CH,08i), 2.57 (t, J = 4.5
Hz, 2H, CH = NCHy), 2.53 (t, J = 2.4 Hz, 1H, C=C-H), 1.80-1.73 (m,
2H, —-CCH,C-), 0.40 (t, J = 8.3 Hz, 2H, -SiCH,-). 3C NMR (126 MHz,
Chloroform-d) &: 156.93 (CH = N), 152.53-113.62 (Ar-C), 78.99 (C=C-
H), 76.29 (C=C-H), 65.45 (CH = NCHy), 60.54-57.78 (NCH,CH,0Si),
55.82 (OCHy), 51.10 (NCH,CH,08Si), 26.56 (CCH,C), 13.92 (SiCHy).
ESI-TOF-MS (m/z) Calcd. for CyoHgN2OsSi: 405.53 [M + HJ], Found
405.18.

2.3. Synthesis of 6a + Zn?*/Co®*complex

The equimolar amount of organosilatrane 6a and zinc chloride/co-
balt chloride was added into the round bottom flask comprising 20 mL
dry acetonitrile and then stirred for 4 h at 25 °C. The solvent was then
removed under vacuum, which provides the yellow-colored precipitate.

3. Results and discussion
3.1. Synthetic aspects and characterizations

The route utilized for the synthesis of acetylene functionalized
organosilatranes (6a-6e) is shown in Scheme 1. In the first step, the
terminal alkynes (2a-2e) were prepared by reacting the substituted
benzaldehyde with propargyl bromide in the presence of DMF solvent
and potassium carbonate base. The second step includes the synthesis of
y-aminopropylorganosilatrane (5) by transesterification reaction be-
tween aminopropyltrimethoxysilane and triethanolamine by using dry
toluene as a solvent and potassium hydroxide pellet as a catalyst. In this
step, a dean stark apparatus was employed for the azeotropically
removal of methanol and byproducts. In the final step, the alkynes
(2a-2e) and y-aminopropylorganosilatrane (5) were refluxed in dry
toluene which results into the joining of these two compounds through
Schiff-base linkage and formation of desired products (6a-6e). The para
derivatives gave the higher yield (>90%) as compared to the ortho de-
rivatives and among the para derivatives the 6a was obtained with
highest yield (96%). In 'H NMR spectra, the triplet at 3.71-3.73
(NCH2CH0Si), 2.74-2.76 (NCHCH20Si) and 0.39-0.41 (SiCHj3)
confirm the formation of organosilatranes. The sharp singlet in the range
of 8.15-8.68 and 2.49-2.53 confirms the presence of Schiff base protons
(HC = N) and alkyne protons (C=C-H) respectively. The methoxy pro-
tons showed a triplet around 3.83-3.89 while the ethoxy protons
showed triplet and quartet at 1.43 and 4.12 respectively. In the >C NMR
of all the organosilatranes (6a-6e), the highly deshielded imine carbon
appeared in the region of 156.10-159.91 while the highly shielded
methylene carbon (SiCHj) appeared around 13.81. The carbons of the
organosilatrane cage appeared in the range of 51.07-59.92. In the mass
spectra, the base peak for all the compounds received at [M + H]. The
obtained NMR (*H and '3C) and mass spectra match well with the
structure of synthesized organosilatranes (6a—6e).

3.2. UV-visible study

UV-visible spectroscopy was employed to examine the photo-
physical properties of the compound 6a in the absence and presence of
various metal ions (Na™, C02+, Ba2+, Ni2+, Zn2+, Mg2+, Agt K, Rb2+,
cd?*, ca®*, AI3*, Cs™)). Firstly, the solution of 6a (10~® M) and metal
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ions (1072 M) were prepared in acetonitrile and sufficient time was
given for their complete mixing. After that, 10 pL of each metal solution
was added one by one with the help of micropipette into the 3 mL of
10°® M 6a solution taken into quartz cuvette and their respective
UV-visible spectra were recorded. The 6a spectra alone showed three
absorption bands at 218 nm, 260 nm and 312 nm due to n-n* electronic
transitions. The spectra showed significant changes only in the presence
of Zn?>" and Co?* ions while the other metal ions did not bring any
notable change in the spectra (Fig. 1). The selective recognition of Zn%*
and Co®" ions may be due to the size of the cavity generated by silatrane
6a is similar to the size of these ions and both the ions fit into this cavity.
A visible color change in the solution of 6a was also noticed in the
presence of Co?" ions (Fig. 2) and this change was also supported by the
appearance of a band at 462 nm, which lies in the visible region.

To test the sensitivity of 6a towards Zn?" and Co®" ions, an

interference experiment was performed. In this experiment, we
sequentially added the 100 pL of each competitive metal ion solution
into the solution of 6a (3 mL) and Zn>"/Co®" ions (10 uL) and recorded
their UV-visible responses. Careful investigation of the spectra at A =
312 nm showed no significant interference by the presence of other
metal ions indicating the highly sensitive nature of 6a towards the
identification of Zn** and Co?* ions (Fig. 3).

For the UV-visible titration experiment, we dilute the solution of
Zn* and Co®" ions up to 10 M and then 10-100 uL was added into the
6a solution. After each successive addition, the spectra were recorded.
The successsive addition of both these metal ions displays

hypochromic shift at 260 nm and hyperchromic shift at 312 nm, but
at 218 nm, the addition of Zn?* ions exhibits the hypochromic shift
while the addition of Co®" ions exhibits hyperchromic shift (Figs. 4(a)
and 5(a)). Also, no visible color change was noticed at this
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concentration.

Further, the stoichiometry and binding ability of 6a with Zn?* and
Co?" ions were examined by using the Benesi and Hildebrand (B-H)
graphical method. In this methodology, by assuming 1: n stoichiometry
between compound 6a and metal ions, the equilibrium is expressed by
the following Eq. (1).
6a +Nm*" = [Analyte- M*"]| (€))

n

e A

Assosiation constant, Ka = ———————=
[Analyte] [M?*] |

A graph is plotted between [A-Ao]l ! vs. [Zn?T]" and [Co?"]" by
using the UV-visible titration data at A = 260 nm (Figs. 4(b) and 5(b)).
Here [A-Ao] denotes the change in absorbance intensity of compound 6a
upon the addition of metal ions. These graphs come out to be linear with

a high correlation coefficient value (R2 > 0.99), which concludes that
1:1 stoichiometry of the complex. The association constant, Ka =
intercept/slope value for Zn?>* and Co?" ions were 0.11 x 10 M~ ! and
0.24 x 10° M~ respectively which indicates the binding strength of 6a
towards Co?" ions was almost double as compared to Zn2" ions.
Furthermore, the limit of detection, LOD = 3 x standard deviation/slope
was calculated by plotting the linear calibration curves (Figs. 4(c) and 5
(¢)). The LOD values obtained for 6a towards Zn>" and Co?* ions were
0.28 x 107% M and 0.82 x 107 M respectively which is less than the
permissile value of Zn?* (70 uM) and Co?* (1.7 uM) ions in drinking
water allowed by WHO (World Health Organisation) and EPA (Envi-
ronmental Protection Agency) [6,13]. Table 1 shows that the synthe-
sized organosilatrane 6a is a better chemsensor for the detection of Zn?*
and Co®" ions in comparison to the previously reported sensors because
of its high association constant and low detection limit value.
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Table 1

Comparative study of the analytical performance of newly synthesized sensor

(6a) with the previously reported sensors.

Sensors Metal Ka LOD References
ions wh (%)
Thiophene-diocarbohydrazide Zn%* 1.15 x 0.15 x 6
derivative 10* 107
Phenanthroline based sensor Zn?* 1.30 x 0.84 x 9
10° 10°°
Hexabodipy functionalized Co** 2.95 x 0.84 x 12
cyclotriphosphazenes 10° 107°
Amide based sensor Co*t 8.90 x 0.99 x 13
10° 10°°
Quinoline and N°, N’ Zn** 1.30 x 0.01 x 15
—dimethylethane-1,2-diamine Co?t 10° 107°
based sensor 4.0 x 6.89 x
10* 10°°
Schiff base-acetylene Zn?* 0.11 x 0.28 x Present
functionalized organosilatrane Co*t 10° 10°° work
0.24 x 0.82 x
10° 10°°

3.3. Binding study by DFT and 'H NMR

To understand the binding interactions between receptor 6a and
metal ions (Zn?t and Co®") theoretical DFT (Density Functional Theory)
calculations were conducted on Gaussian 03 software. Firstly, the
structure of 6a was optimized in the absence and presence of Zn?* and
Co?" ions by employing the B3LYP functional level and 6-31G(d) basis
set for C, H, N, O atoms and LAN2DZ basis set for Zn®" and Co®" ions
respectively (Fig. 6). Then highest occupied molecular orbit (HOMO)
and lowest unoccupied molecular orbit (LUMO) was also created at the
same level of theory and their respective energy values were noted
(Fig. 7). Fig. 7 shows the electron density of HOMO and LUMO in 6a and
6a-Zn>*, mainly delocalized over Schiff-base, phenyl ring and slightly
on propyl chain. In the case of 6a-Co?t complex, singly occupied mo-
lecular orbitals (SOMO) and singly unoccupied molecular orbitals
(SUMO) were produced as a-HOMO or B-HOMO and a-LUMO or
B-LUMO rather than simple HOMO-LUMO according to their respective
spin states. In 6a-Co>" complex, the «, p-HOMO electron density was
mainly distributed over silatranyl moiety and metal ions while the o,
B-LUMO electron density was mainly distributed over metal ion, propyl
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chain and somewhat on Schiff-base moiety. Hence, with the change in
metal ions, there is a change in electronic distribution and molecular
stability. It is noticed that the energy of both HOMO and LUMO de-
creases from 6a to 6a-Zn>*/Co®" system and the resulting decrease in
energy gap (AE = E;ymo-Enomo) from 0.1840 a.u. for 6a to 0.1810 a.u.
for 6a-Zn?" ions, 0.0632 a.u. for the alpha of 6a-Co" ions and 0.0116 a.
u. for the beta of 6a-Co®" ions indicating the higher stability of the
complex molecule. Further, the experimental evidence was taken into
account by collecting the 'H NMR of synthesized the 6a-Zn®"/Co?*
complex which showed a major shift in the organosilatrane protons from
3.72 ppm to 3.89 ppm (6a-Zn’>"), 3.72 ppm to 3.65 ppm (6a-Co>") and
Schiff base protons from 8.15 ppm to 9.85 ppm, 8.15 ppm to 10.24 ppm
indicating that the binding majorly occurs through these bonds (Fig. S16
and S17). Based on these, the proposed binding mechanism was shown
in Scheme 2.

4. Conclusions

In this article, we have been successfully synthesized the acetylene
functionalized organosilatranes (6a-6e) and well-characterized them
with 'H and '3C NMR spectroscopy and mass spectrometry. The
UV-visible study of organosilatrane 6a manifests their high selectivity
and sensitivity towards the dual ion sensing of Zn?* and Co?" metal ions
with detection limit 0.82 x 107 M and 0.28 x 10™® M respectively. We
expect that the synthesized chemosensor may offer opportunity for their
applications in the field of industry and living sciences.
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